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FIG. 33
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FIG. 34
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FI1G. 37
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RECORDING MEDIUM AND RECORDING
METHOD REDUCING PROCESSING LOAD
IN REALIZATION OF TS PACKET LEVEL
COPYRIGHT PROTECTION, AND
PLAYBACK DEVICE AND PLAYBACK
METHOD FOR PLAYBACK OF SUCH
RECORDING MEDIUM

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present mvention relates to an information recording,
medium, a playback method thereot, and a recording method
thereot, 1n particular, to a technology for realizing special
playback such as fast-forward/rewind. Here, the information
recording medium 1s a BD-ROM or the like having recorded
thereon contents such as video and audio, with copyright
protection.

(2) Description of the Related Art

Special playback functions such as fast-forward/rewind
are 1ndispensable functions for playing back an AV stream
recorded on a BD-ROM, DVD, or the like.

In general, a player can perform special functions such as
tast-forward/rewind by executing reading of a disc, decoding
of the read data, and the like at a speed faster than a normal
playback speed, and then playing it back. However, this
method places burden on the player, causing the player to be
unable to perform processing at the speed required for high-
speed playback such as 10x for fast-forward/rewind.

Accordingly, 1n order to realize special playback such as
fast-forward/rewind, the player needs to read and decode part
of the AV stream while making temporal skips. For example,
the player may select intra-frame encoded images (hereinai-
ter, referred to as “I-pictures”) 1n video included i an AV
stream 1n accordance with the speed of fast-forward/rewind,
and performs reading and decoding. However, an AV stream
on a BD-ROM or DVD contains various streams such as
video, audio, and subtitles multiplexed into the AV stream.
Besides, pictures vary 1n size in a case where the video 1s
encoded using variable length encoding. Accordingly, 1den-
tifying an I-picture pertaining to a desired time requires
analysis processing of the AV stream, thereby consuming a
large amount of processing time.

Thus, BD-ROMSs use entry maps to realize fast-forward/
rewind. An entry map 1s composed of a list of multiple entry
points each indicating an access position 1n an AV stream.
Each entry point is information 1n which a file position within
the AV stream corresponds to a playback time of data located
at the file position. For example, an entry map including entry
points each composed of a starting file position of an I-picture
included i an AV stream on an information recording
medium and the presentation time of the I-picture allows the
playback apparatus to identily the position, of the I-picture,
corresponding to the playback time without analyzing the AV
stream, by referring to the entry map. As a result, the playback
apparatus 1s able to perform partial playback of the AV
stream, thereby realizing eflicient fast-forward/rewind with-
out burden. Patent Document 1 discloses a data structure and
a creation method of an entry map for identifying positions of
[-pictures.

Patent Document 1: Japanese Laid-Open Patent Application

Publication No. 2000-228656

In manufacturing BD-ROM playback apparatuses which
handle HD'TV contents, demand for copyright protection at
the level of TS packets constituting the AV stream 1s high.
However, 1n order to realize copyright protection using such
as special encryption and transformation at the TS packet
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level, 1t 1s required to perform decryption processing, resto-
ration processing or the like 1n real time at the uppermost

stream when reading from the BD-ROM. Especially 1 the AV
stream 1s provided for a high-speed special playback such as
over 10x, such real time processing will incur a large burden.

In addition, multiple video streams may be multiplexed
into an AV stream 1n a BD-ROM to realize Picture-in-Picture
playback or 3D playback.

If TS packets constituting two video streams 1n an AV
stream are transformed and the AV stream i1s provided for a
high-speed special playback such as 10x, simultaneous res-
toration of the transformed TS packets of these multiple video
streams need to be realized at 10x. If the BD-ROM playback
apparatus 1s to be designed assuming such a worst-case sce-
nario, 1t will inevitably require addition of special hardware,
increase in operation clock speed, and the like. This will
necessitate further modification and improvement of the
present BD-ROM players, which goes against the 1dea of
encouraging broad use of the playback apparatuses through
standardization.

SUMMARY OF THE INVENTION

The present invention was concerved 1n view of the above
problem and aims to provide a recording medium, a recording
method, and a playback apparatus and a playback method for
playing back the recording medium, which are able to prevent
increase 1n processing load due to realization of copyright
protection at the TS packet level.

In order to achieve the stated aim, the recording medium of
the present invention 1s a recording medium having recorded
thereon an AV stream and stream information. Here, the AV
stream 1ncludes (a) TS packets composing a primary video
stream and (b) TS packets composing a secondary video
stream, the stream information includes: a first entry map
indicating a plurality of associations each associating (a) a
start position of, among the TS packets composing the pri-
mary video stream, a group of 'T'S packets which constitute an
entry unit with (b) a presentation time stamp of the group of
TS packets; and a second entry map indicating a plurality of
associations each associating (a) a start position of, among the
TS packets composing the secondary video stream, a group of
TS packets which constitute an entry unit with (b) a presen-
tation time stamp of the group of TS packets of the secondary
video stream, each group ol TS packets constituting an entry
unit stores an intra-frame encoded image therein, among the
TS packets composing the primary video stream, one or more
TS packets have been transformed and TS packets which
constitute every N-th entry unit, 1n an order of the start posi-
tion, are untransformed, N being an iteger of 2 or more, and
cach TS packet which constitutes one of the entry units of the
secondary video stream and whose presentation time stamp 1s
in a predetermined relationship with a presentation time
stamp of the every N-th entry unit, 1s untransformed.

According to the stated structure, transformation for the
purpose of copyright protection 1s not executed on (a) TS
packets which constitute one of every N-th entry unit of the
primary video stream and (b) TS packets which constitute an
entry unit of the secondary video stream and whose presen-
tation time stamp attached thereto 1s 1n a predetermined rela-
tionship with the one of every N-th entry unit of the primary
video stream. Consequently, selectively using entry units
stored 1n these TS packets eliminates the need for restoring
the transformed TS packets constituting the primary video
stream and TS packets constituting the secondary video
stream. As a result, increase 1n processing load during high-
speed fast-forward/rewind playback can be prevented,
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thereby realizing the copyright protection using transforma-
tion of the TS packets within a permissible range of the
processing capability of a standard-model BD-ROM player,
without adding special hardware or increasing operation
clock speed.

Accordingly, copyright protection 1s realized by trans-
forming part of the AV stream and recording the post-trans-
formation AV stream, and at the same time, high-speed and
simultaneous {fast-forward/rewind of the primary wvideo
stream and secondary video stream can be performed.

Here, among the 'T'S packets of the secondary video stream,
TS packets constituting the entry units closest to every N-th
entry umt of the primary video stream are chosen to be
untransformed, thereby realizing fast-forward/rewind of the
primary video stream and secondary video stream 1n an as
closely synchronized manner as possible.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, advantages and features of the
invention will become apparent from the following descrip-
tion thereof taken in conjunction with the accompanying
drawings which illustrate a specific embodiment of the inven-
tion. In the drawing:

FIG. 1 shows a use form of a recording medium of the
present invention;

FIG. 2 shows an 1nternal structure of a BD-ROM;

FIG. 3 shows an internal structure of IndexFile;

FIG. 4 shows an internal structure of a Movie Object file;

FIG. 5 shows a structure of an AV stream;

FIG. 6 shows an example of Picture 1n Picture;

FIG. 7 schematically shows how streams are multiplexed
into an AV stream:;

FIG. 8 shows further details on how a video stream and an
audio stream are stored into a PES packet string;

FI1G. 9 shows a structure of a'T'S packet and a source packet
in an AV stream;

FIG. 10 shows a data structure of PMT;

FI1G. 11 shows an internal structure of a stream information
file;

FIG. 12 shows an internal structure of stream attribute
information;

FIG. 13 shows an internal structure of an entry map;

FI1G. 14 shows an internal structure of a PlayList;

FIG. 15 shows an internal structure of a Playltem:;

FIG. 16 shows relationship between restoration segments
and restoration parameters with respect to an AV stream;

FI1G. 17 shows a function of restoration byte code data;

FI1G. 18 shows a structure of arestoration entry with respect
to transformed data 1n an AV stream and how the restoration
entry, as a restoration descriptor, 1s stored into the AV stream;

FIG. 19 shows untransformable ranges which are not
allowed to be transformed, 1n a video stream included 1n an
AV stream;

FIG. 20 shows wvideo frame strings in video streams
included 1n an AV stream;

FIG. 21 shows PTS positions of entry points of a primary
video and a secondary video with respect to STC which 1s a
playback time axis of the AV stream, and entry points 1ndi-
cating untransformable I-pictures in the entry map of the
secondary video;

FI1G. 22 shows relationship between untransformable TS
packets of the primary video stream and secondary video
stream, using frames constituting each video stream;

FIG. 23 shows SPN positions of the entry points of the
primary video and secondary video with respect to file posi-

10

15

20

25

30

35

40

45

50

55

60

65

4

tion of the AV stream, and entry points indicating untrans-
formable I-pictures in the entry map of the secondary video 1n

a first modification;

FI1G. 24 shows SPN positions of entry points of the primary
video with respect to the file position of the AV stream, and
untransformable I-pictures of the secondary video 1n a second
modification;

FIG. 25 shows the PTS positions of the entry points of the
primary video and the secondary video with respect to STC
which 1s the playback time axis of the AV stream, and entry
points indicating untransformable I-pictures 1n the entry map
of the secondary video 1n a third modification;

FIG. 26 shows the SPN positions of the entry points of the
primary video and secondary video with respect to the file
position of the AV stream, and entry points indicating

untransformable I-pictures 1n the entry map of the secondary
video 1n a fourth modification;

FIG. 27 shows the PTS positions of the entry points 1ndi-
cating untransformable I-pictures, in a fifth modification,
with respect to STC which 1s the playback time axis of the AV
stream;

FIG. 28 shows the PTS position of the entry points 1ndi-
cating untransformable I-pictures, 1n a sixth modification,
with respect to STC which 1s the playback time axis of the AV
stream;

FIG. 29 shows the PTS positions of the entry points 1ndi-
cating untransformable I-pictures, 1n a seventh modification,
with respect to STC which 1s the playback time axis of the AV
stream,

FIG. 30 shows the PTS positions of the entry points 1ndi-
cating untransformable I-pictures, in an eighth modification,
with respect to STC which 1s the playback time axis of the AV
stream;

FIG. 31 shows an 1nner structure of a playback apparatus;

FIG. 32 shows an mner structure of a system target
decoder;

FIG. 33 15 a flowchart showing processing by a data analy-
s1s execution unit 17;

FIG. 34 1s a flowchart showing processing steps of play-
back entry point selection processing;

FIG. 35 shows an mner structure of a recording apparatus;

FIG. 36 shows a flowchart of a recording method;

FI1G. 37 1s a flowchart showing processing steps of untrans-
formable packet specification processing; and

FIG. 38 shows a structure of a restoration entry with respect
to transformed data 1n an AV stream 1n a modification, and
how the restoration entry, as a restoration entry packet, 1s
stored 1nto the AV stream.

DETAILED DESCRIPTION OF THE INVENTION

First Embodiment

The following describes a first embodiment of a recording,
medium of the present mvention. First, among various
aspects of the recording medium of the present invention, a
use form 1s described. FIG. 1 shows the use form of the
recording medium of the present invention. In FIG. 1, the
recording medium of the present invention 1s a BD-ROM 100
which 1s used to supply a motion picture to a home theater
system further composed of a playback apparatus 200, a
remote controller 300, and a television 400.

The BD-ROM 100 1s a recording medium having recorded
thereon a motion picture.

The playback apparatus 200 1s an Internet-compliant digi-
tal home appliance, and 1s capable of playing back the BD-
ROM 100. The playback apparatus 200 downloads content
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from a server of a film distributor via a network and stores the
downloaded content into a local storage thereot. This way, the

playback apparatus 200 1s able to expand/update the content
of the BD-ROM 100 by combining the content stored 1n the
local storage and the content recorded on the BD-ROM 100.
The technology which handles data not recorded on the BD-
ROM 100 as 11 the data 1s recorded on the BD-ROM 100, by
combining the content of the BD-ROM 100 and the content of
the local storage, 1s called “virtual package”.

Described above 1s the use form of the recording medium
ol the present 1nvention.

Next, description 1s given on a production form of the
recording medium of the present mvention. The recording
medium of the present invention can be realized by modifying
a file system.

Outline of BD-ROM

FI1G. 2 shows a structure of the BD-ROM. The fourth row
in the figure shows the BD-ROM 100, while the third row
shows a track on the BD-ROM. In the figure, the track 1s
stretched out horizontally, although 1n reality 1t spirals from
the 1nner periphery to the outer periphery of the BD-ROM
100. The BD-ROM 100, like other optical discs suchas DVDs
and CDs, has a recording area formed spirally from the inner
periphery to the outer periphery therein, and has, between the
lead-in of the iner periphery and the lead-out of the outer
periphery, a logical address space capable of recording logi-
cal data. Additionally, inside the lead-1n, there 1s a special area
called BCA (Burst Cutting Area) which can be read only by
drives. Being unreadable by applications, this area 1s often
used for copyright protection technology.

In the logical address space, volume information of a file
system 1s recorded from the beginning thereof, and subse-
quently, application data such as video data 1s recorded. The
file system 1s a structure which represents data on a disc 1n
units of directories or files, and 1in the BD-ROM 100, UDF
(Universal Disc Format) 1s used. PCs (Personal Computers)
for everyday use also use a file system called FAT or NTFS
and present, on computer, data stored 1n a hard disc 1n a
structure of directories and files, thereby increasing usability.
The use of file system enables the BD-ROM 100 to read
logical data, which i1s stored 1in the same manner as in a
general purpose PC, using the directory and file structure.

With use of the directory and file structure, the application
layer format (application format) of the BD-ROM 100 1is
presented as the first row of the figure. According to the
directory and file structure of the BD-ROM 100, there 1s a
BDMYV directory directly under the root directory (ROOT).
The BDMYV directory records data processed by the BD-
ROM 100, such as AV contents and management information.
Under the BDMYV directory, there are IndexFile (1index.b-
dmv), a Movie Object file (MovieObject.bdmv), a PLAYL-
IST directory, a CLIPINF directory, and a STREAM direc-
tory. The IndexFile defines an IndexTable constituting Titles,
and the Movie Object file defines a dynamic scenario. The
STREAM directory, CLIPINF directory, and PLAYLIST
directory include AV streams (XXX.M2TS) storing AV con-
tents such as video and audio which are multiplexed, stream
information files (XXX.CLPI) storing management informa-
tion of the AV streams, and PlayList files (YYY.MPLS) defin-
ing logical playback paths of the AV streams, respectively.

Directly under the root directory (ROOT), there 1s also a
BDPLS directory which records restoration byte code data
(77.7.BDP). In a BD-ROM 1ncluding the BDPLS directory,
an AV stream 1s partially transformed at the TS packet level in
advance. The restoration byte code data 1s an execution pro-
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gram, and when executed, generates restoration parameters to
restore the transformed AV stream. Prior to playing back the
AV stream, the playback apparatus generates restoration
parameters by executing the restoration byte code data,
restores the transformed AV stream using the generated res-
toration parameters, and plays back the restored AV stream.

It should be noted that these directory names and file names
are defined for the purpose of explaining the present embodi-
ment, and accordingly, different names can be applied when
put to practical use.

In the following, description 1s given on the data structure
of each file under the BDMYV directory.

Structure of BD-ROM (1) IndexFile

First, the IndexFile (Index.bdmv) 1s described. The Index-
File includes IndexTable shown in FIG. 3. The IndexTable 1s
a table of the highest layer and defines the title structure of all
the Titles, TopMenu, FirstPlay and the like stored in the
BD-ROM. This table specifies Movie Objects included in the
Movie Object file which are first executed by all the Titles,
TopMenu, and FirstPlay. Fach time a Title or a Menu 1s
invoked, the playback apparatus of the BD-ROM refers to the
IndexTable and executes a predetermined Movie Object.
Here, the FirstPlay 1s set by a content provider and has been
set to a Movie Object that 1s automatically executed when the
disc 1s iserted. The TopMenu specifies a Movie Object
invoked when a command such as “return to menu™ 1s
executed by user operation of the remote controller.

Structure of BD-ROM (2) Movie Object File

Next, the Movie Object file (MovieObject.bdmv) 1s
described.

As shown 1n FIG. 4, multiple Movie Objects are defined 1n
the Movie Object file, and each Movie Object 1s identified by
a Movie Object ID. Each Movie Object includes one or more
navigation commands instructing a playback of a PlayList,
transition to another Movie Object or Title, and the like, and
the playback apparatus sequentially executes the string of
navigation commands. For example, when “PlayPLAN" 1s
described, the playback apparatus selects a file name of a
PlayList corresponding to “PlayPL#N” from the PlayList
directory and plays back the selected PlayList. Also, for
example, when “JumpObject#N” 1s described, the playback
apparatus selects the corresponding Movie Object from the
Movie Object file and executes the selected Movie Object.

Next, the AV stream file (XXX .M2TS) and stream infor-
mation file (XXX.CLPI) are described.

Structure of BD-ROM (3) AV Stream

The AV stream 1s a digital stream of MPEG-2 transport
stream format.

FIG. 5§ shows a structure of the AV stream. As shown 1n
FIG. S, the AV stream 1s obtained by multiplexing one or more
among video streams, audio streams, presentation graphics
streams, and interactive graphics streams. The video stream
indicates a primary video or a secondary video of a motion
picture, the audio stream indicates audio part of a motion
picture, and the presentation graphics stream indicates sub-
titles of a motion picture. Here, when the AV stream stores
Picture-in-Picture video, as shown in FIG. 6, the primary
video constitutes ordinary video displayed 1n a screen, while
the secondary video constitutes a small screen within the
primary video. If the AV stream i1s of three-dimensional
images, the primary video 1s for right-eye 1mage, and the
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secondary video 1s for left-eye image. The mteractive graph-
ics stream indicates a dialogue screen created by placing GUI
parts on a screen. Hach stream included 1in the AV stream 1s
identified by PID. For example, a video stream used for the
primary video of a motion picture 1s allocated 0x1011, an
audio stream 1s allocated 0x1100 to Ox111F, a presentation
graphics stream 1s allocated 0x1200 to Ox121F, an interactive
graphics stream 1s allocated 0x1400 to Ox141F, and a video
stream used for the secondary video of a motion picture 1s
allocated Ox1B00 to Ox1B1F.

FI1G. 7 1s a schematic diagram showing how the AV stream
1s multiplexed. First, a video stream 701 composed of mul-
tiple video frames, and an audio stream 704 composed of
multiple audio frames are converted to PES packet strings 702
and 705, respectively, and further converted to TS packets 703
and 706, respectively. Similarly, data of a presentation graph-
ics stream 707 and of an interactive graphics 710 are con-
verted to PES packet strings 708 and 711, respectively, and
turther converted to TS packets 709 and 712, respectively. An
AV stream 713 1s formed by multiplexing these TS packets
into one stream.

FI1G. 8 gives further details on how a video stream 1s stored
into an PES packet string. The first row of the figure indicates
the video frame string of the video stream. The second row
indicates the PES packet string. As shown by arrows yy1, yy2,
yv3, and yy4 1 the figure, I-pictures, B-pictures, and P-pic-
tures which are multiple Video Presentation Units in the video
stream are divided into units of pictures and stored into pay-
loads of PES packets separately. Each PES packet has a PES
header storing therein PTS (Presentation Time-Stamp) which
1s a presentation time of the picture, DTS (Decoding Time-
Stamp ) which 1s a decoding time of the picture, and the like.

FIG. 9 shows the final format used for TS packets to be
written 1to an AV stream. Fach TS packet 1s a fixed-length
packet composed of a 4-byte TS header and a 184-byte TS
payload. The TS header includes information such as PID
identifying a stream, and the TS payload stores data. Each
PES packet 1s divided and stored mnto TS payloads. In a
BD-ROM, each TS packet has a 4-byte TP_Extra_Header
attached thereto and accordingly, 1s written into an AV stream
as a 192-byte source packet. The TP_Extra_Header includes
information such as ATS (Arrival_Time_Stamp). ATS shows
the transier starting time of the TS packet to a PID filter.
Source packets are arranged 1n the AV stream as shown 1n the
lower level of FIG. 8, and the number which i1s incremented
from the beginning of the AV stream 1s called SPN (Source
Packet Number).

Furthermore, 1n addition to the streams for video, audio,
subtitles, and the like, TS packets 1n an AV stream include

PAT (Program Association Table), PMT (Program Map
Table), PCR (Program Clock Reference) and the like. PAT
indicates the PID of the PMT used 1n the AV stream, and the
PID of the PAT 1tself 1s registered as “0”. PMT includes (1)
PIDs of streams such as for video, audio, subtitles and others,
(1) attribute information corresponding to each PID, and (111)
descriptors related to the AV stream. The descriptors include
such as copy control information which 1nstructs copying of

the AV stream to be permitted or rejected. In order to syn-
chronize ATC (Arrival Time Clock) which 1s the time-axis of

ATS, with STC (System Time Clock) which 1s the time-axis
of PTS and DTS, PCR has information on STC time corre-

sponding to ATS at which the PCR packet 1s transierred to a
decoder.

FI1G. 10 shows details of the data structure of PMT. At the
beginning of PMT, a PMT header describing the length of
data included in PMT 1s arranged. Subsequent to that, mul-
tiple descriptors regarding the AV stream are arranged. The
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descriptors describe such as the above-mentioned copy con-
trol information. In addition, with respect to the AV stream of
the present embodiment, transformation 1s performed at the
TS packet level using a transformation method described
later, and a restoration descriptor used for restoring the trans-
formation 1s described as a descriptor of PMT.

After the descriptors, multiple pieces of stream 1nforma-
tion regarding the streams included in the AV stream are
arranged. Each piece of stream information includes a stream
type for 1dentitying compression codec or the like of the
stream, PID of the stream, and stream descriptors describing
attribute information of the stream (frame rate, aspect ratio,
etc.). The number of the stream descriptors 1s equivalent to the
number of the streams included 1n the AV stream.

Structure of BD-ROM (4) Stream Information File

Next, description 1s given on the stream information file.

The stream information file, which 1s management infor-
mation of an AV stream, as shown in FIG. 11, corresponds
one-to-one with an AV stream, and includes stream attribute
information and entry maps.

The stream attribute information, as shown in FIG. 12,
includes pieces of attribute mmformation which correspond
one-to-one to the streams included in the AV stream and
which are registered for each PID. The video stream, audio
stream, presentation graphics stream, and interactive graph-
ics stream each have 1ts own attribute information. The video
stream attribute information includes information on what
kind of compression codec 1s used to compress the video
stream, what the resolution of each picture data constituting
the video stream 1s, what the aspect ratio 1s, what the frame
rate 1s, and the like. The audio stream attribute information
includes mformation on what kind of compression codec 1s
used to compress the audio stream, how many channels the
audio stream has, to which languages the audio stream cor-
responds, how many sampling frequencies there are, and the
like. These information are used for imitialization of the
decoder and the like before the playback apparatus performs
a playback.

-

T'he entry map, as shown in FIG. 13, is table information
which describes PTS indicating presentation time of each
intra-frame encoded 1image (hereinaftter, referred to as “I-pic-
ture”) 1n a video stream 1ncluded 1n the AV stream, and SPN
of the AV stream at which each I-picture starts.

In the present embodiment, information composed of a set
of PTS and SPN indicated 1n one row of the table 1s called
“entry point”, and a group of TS packets storing an I-picture
indicated by an entry point 1s called “entry unit”. In addition,
a value which starts with “0” and 1s incremented by one at
cach entry point 1s called “entry point ID” (heremafter,
referred to as “EP_ID”). By using this entry map, the play-
back apparatus 1s able to specity, in the AV stream, file posi-
tions which correspond one-to-one with arbitrary positions
on the time-axis of the video stream. For example, when
performing special playback such as fast-forward/rewind, the
playback apparatus is able to perform processing etliciently
without analyzing the AV stream by specifying I-pictures
registered 1n the entry map and selectively playing back the

specified I-pictures. The entry map 1s created for each video
stream multiplexed into the AV stream, and 1s managed by

PID.
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Structure of BD-ROM (5) PlayList File

Next, the PlayList file (YYY.MPLS) 1s described.

A PlayList indicates a playback path of an AV stream. As
shown 1n FIG. 14, a PlayList includes one or more Playltems
501, and each Playltem indicates a playback section with
respect to the AV stream. Each Playltem 301 1s 1identified by
a PlayItem ID and 1s described 1n order of playback within the
PlayList. The PlayList includes entry marks 502 each indi-
cates a playback start point. Each entry mark 502 can be
assigned 1n a playback section defined by a Playltem, and as
shown 1 FIG. 14, 1s assigned to a position which can be a
playback start point with respect to the Playltem and 1s used
for a playback from a specified time. For example, a motion
picture Title can be played back in units of chapters by assign-
ing the entry marks 502 to positions where chapters start.

Content of a Playltem 1s described with reference to FIG.
15. The PlayIltem includes information on stream information
to be referred to 601, a playback start time 602, a playback
end time 603, and a stream selection table 605. Since the
playback start time and playback end time are time informa-
tion, the playback apparatus performs playback processing
after (a) obtaining SPN corresponding to the specified play-
back start time and SPN corresponding to the specified play-
back end time by referring to the entry map of the stream
information file and (b) speciiying the read start position.

The stream selection table 605 1s a table indicating whether
cach stream multiplexed into the AV stream to be referred to
1s valid or invalid when playing the Playltem. Specifically,
according to the example shown 1n FIG. 15, the AV stream
includes one video stream, three audio streams, four presen-
tation graphics streams, and three interactive graphics
streams. According to the stream selection table 605, among
these streams, video, audio 1, audio 2, presentation graphics
1, presentation graphics 2, and interactive graphics 1 are
valid. Accordingly, in this Playltem, the above-mentioned
valid elementary streams are playable, while the other
clementary streams are not allowed to play. The stream selec-
tion table 605 also stores attribute information of each stream.
Here, the attribute information 1s information indicating char-
acteristics of each stream. For example, audio, presentation
graphics, and interactive graphics include language attribute

and the like.

Structure of BD-ROM (6) Restoration Byte Code
Data

Next, description 1s given on restoration byte code data
under the BDPLS directory, and the transformation method
and data structure, of the AV stream, required to implement
copyright protection using the restoration byte code data.

Described below are the transformation method and data
structure of the AV stream.

First, the restoration segment and restoration parameter are
described. As shown in FIG. 16, the AV stream 1s divided into
multiple restoration segments based on the entry map. Every
25 entry points from the beginning, the AV stream 1s divided
to a restoration segment. However, 1t should be noted that the
final restoration segment includes between 25 to 49 entry
points so as not to be of less than 25 entry points. A restoration
segment 1D (SG_ID) starts from “0”” at the beginming of the
restoration segment, and 1s incremented by one. A restoration
parameter which 1s a byte string having a constant length 1s
defined for each restoration segment. When transformed data
in the AV stream 1s to be restored, the restoration parameter
defined by the restoration segment to which the transformed
data belongs 1s used.
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Next, the restoration byte code data 1s described with ret-
erence to FI1G. 17. The restoration byte code data 1s a program

code executable by a virtual operation means such as JAVA,
and, when executed given the number of the AV stream and
restoration segment ID, generates a restoration parameter
corresponding thereto. The restoration byte code data can be
arbitrarily created by a content provider. Accordingly, for
example, the content provider 1s requested to make efforts
such as, with use of a key on the BD-ROM disc or 1n the
playback apparatus, allowing only the playback apparatus
having the correct key to generate the restoration parameter,
thereby preventing an illegal playback apparatus from per-
forming playback, or obiuscating program codes to prevent
the program itself from being illegally analyzed.

Details of Transtormation Method of AV Streams

The transformation method of an AV stream 1s described in
detail 1n the following.

FIG. 18 shows how an AV stream 1s transformed. The AV
stream 1s transformed by steps of selecting pre-transforma-
tion data, creating a restoration entry, recording a restoration
descriptor into PM'T, and overwriting the pre-transformation
data with post-transformation data.

The pre-transformation data indicates original data before
part of a video stream, audio stream and the like which are
multiplexed into the AV stream 1s transformed. The pre-trans-
formation data which 1s of a constant length can be selected at
an arbitrary position in the payload of a TS packet. Further, 1n
the present embodiment, some of the 'T'S packets are protected
as untransformable packets, and the pre-transformation data
cannot be selected from the untransformable packets.

The restoration entry 1s created using the pre-transforma-
tion data. The restoration entry includes the following fields:
a transformation instruction flag, a relative packet count, an
intra-packet position, and an overwrite value. The overwrite
value 1s set to the pre-transformation data. The intra-packet
position describes a byte oflset from the beginning of the
source packet V including the pre-transtormation data. The
relative packet count contains the number of packets from the
source packet V of PMT which exists prior to the pre-trans-
formation data to the source packet including the pre-trans-
formation data. The transformation instruction tlag contains
at least either “restoration not required” or “restoration
required”. When transformation processing has been per-
formed with respect to data included 1n the AV stream, “res-
toration required” 1s contained. For each restoration entry
which 1s created as mentioned above, a mask restoration entry
1s created by performing an XOR operation on the restoration
entry and the restoration parameter corresponding to the res-
toration segment including the pre-transformation data. It
should be noted that while masking 1s performed by an XOR
operation here, other invertible logical operations or encryp-
tion processing can be used instead.

The mask restoration entry i1s included in a restoration
descriptor which 1s recorded in PMT as the descriptor thereof.
Here, the restoration descriptor 1s registered as the first
descriptor of PMT so as to enable the playback apparatus to
perform analysis processing of PMT elliciently.

Finally, the position of the pre-transformation data in the
AV stream 1s overwritten by the post-transformation data
such as a random value.

Even 1n a case where the transformation processing has not
been performed 1n one or more of the restoration segments of
the data of the AV stream, a restoration entry is created with
the transformation instruction flag set to “restoration not
required”, and a restoration descriptor 1s created by masking,
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the created restoration entry with the restoration parameter
and 1s recorded in PMT. It should be noted that while a piece
of pre-transformation data 1s stored 1n one restoration entry
here, multiple pieces of pre-transformation data can be stored
in one restoration entry. With this structure, the number of
PMT can be reduced with respect to the pre-transformation
data.

Untransformable Ranges in Primary Video Stream

Next, description 1s given on untransformable ranges 1n a
video stream included in the AV stream, in which the TS
packets are not allowed to be transformed. First, descriptionis
given with respect to the primary video stream.

FIG. 19 shows, 1n a primary video stream included 1n the
AV stream, the untransformable ranges not allowed to be
transformed. The first row of FI1G. 19 indicates the data struc-
ture of the pictures in the primary video stream, and the
second row of FIG. 19 indicates the TS packets storing the AV
stream. Arrows indicate positions of the source packets con-
taining the beginning of the pictures (shaded areas in the
second row). The third row of FIG. 19 indicates an entry map
corresponding to the primary video stream, and each entry
point indicates the first packet among the 'T'S packets storing,
an I-picture. Here, each I-picture indicated by an entry point
whose EP_ID 1s a multiple of four 1s rendered untransform-
able, and each entry unit, in the AV stream, composed of the
TS packets storing the I-picture becomes an untransformable

range. The example in FIG. 19 shows that the I-pictures
indicated by the first entry point (EP_ID=0) and the fourth
entry point (EP_ID=4) counting {rom the first entry point are
untransformable. If, for example, the AV stream in FIG. 19
turther continues, the I-pictures indicated by the entry points
such as EP_ID=8, EP ID=12, EP _ID=16 . . . are untrans-
formable. Here, the I-pictures indicated by the entry points
whose EP_ID 1s a multiple of four are untransformable.

Thus, by cyclically rendering part of the TS packets
untransformable so as to ensure that the part 1s not trans-
formed, the playback apparatus which plays back the record-
ing medium of the present embodiment 1s able to specily
[-pictures which are not transformed, 1n a video stream 1n the
entry map. Consequently, the playback apparatus can per-
form, by selecting and playing the untransiformed I-pictures,
special playback such as fast-forward/rewind without execut-
ing restoration processing which causes a load on the appa-
ratus playback.

Untransiformable Ranges 1n Secondary Video Stream

Next, description 1s given on untransformable ranges in the
secondary video stream.

FIG. 20 shows video frame strings of video streams
included in the AV stream. The upper row of FIG. 20 shows a
video frame string of a video stream which 1s a primary video
and has PID of 0x1011, while the lower row of FIG. 20 shows
a video frame string of a video stream which 1s the secondary
video and has PID of Ox1B00. As shown 1n FIG. 20, intervals
between an I-picture and the next I-picture may differ
between the primary video and the secondary video. Here, 1T
it 1s assumed that I-pictures indicated by the entry points
whose EP_ID 1s amultiple of four are untransformable for the
entry maps ol both the primary video and secondary video,
then when the playback apparatus plays back the I-pictures
indicated by the entry points whose EP_ID 1s a multiple of
tour, for both the primary video and secondary video, while
performing special playback such as fast-forward/rewind, it
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may result 1n playing pictures whose PTSs are considerably
distant between the primary video and the secondary video 1n
terms of time.

Thus, entry points indicating untransformable I-pictures in
the entry map ol the secondary video are determined as shown
in FI1G. 21. FI1G. 21 shows PTS positions of entry points with

respect to STC which 1s a playback time axis of the AV
stream. Arrows shown 1n the second row of FIG. 21 indicate
PTS positions of entry points of the primary video having PID
of Ox1011. EP_ID of each of these entry points 1s a multiple
of four, and the I-pictures indicated by these entry points are
untransformable. Arrows shown 1n the third row of FIG. 21
indicate PT'S positions of entry points of the secondary video
having PID of Ox1B00. Here, with respect to each PTS posi-
tion of an entry point whose PID 1s O0x1011 and EP_ID 1s a
multiple of four, an I-picture indicated by, among the entry
points having PID of 0x1B00, an entry point whose PTS 1s
closest to the PTS position 1s rendered untransformable, and
the entry unit storing this I-picture in the secondary stream 1s
rendered untransiformable. For example, among the entry
points having PID of Ox1B00, an entry point having EP_ID of
B 1s closest to the PTS of the entry point whose PID 1s Ox1011
and EP_ID 1s 4N. Accordingly, the I-picture indicated by this
entry point 1s rendered untransformable. Similarly, among the
entry points having PID of Ox1B00, the entry point having
EP_ID of C1s closest to the PT'S of the entry point whose PID
1s 0x1011 and EP_ID 1s 4(N+1). Accordingly, the I-picture
indicated by this entry point 1s rendered untransformable.
Furthermore, among the entry points having PID of 0x1B00,
the entry point having EP_ID of E and the entry point having
EP_ID of F are closest to the PTS of the entry point whose
PID 0x1011 and EP_ID 1s 4(N+2). Inthis case, both I-pictures

indicated by these two entry points are rendered untransforms-
able.

The I-pictures rendered untransformable are shaded pic-
tures 1n the picture strings 1n the video streams shown 1n FIG.
22. With the AV stream having this data structure, when
performing fast-forward/rewind of the primary and second-
ary videos, the playback apparatus can play I-pictures which
are closest to each other 1n terms of presentation time, using
the I-pictures rendered untransformable. This realizes the
synchronized playback of the primary and secondary videos
as a result. Here, 1f the AV stream recorded on the BD-ROM
100 1s of three-dimensional 1images, where the primary video
1s Tor right-eye image and the secondary video 1s for left-eye
image, the shaded I-pictures in the right-eye and left-eye
images are closest to each other 1n terms of presentation time,
that 1s to say, the right-eye and left-eye pictures constituting a
three-dimensional frame. This enables natural three-dimen-
sional playback when performing fast-forward/rewind play-
back using only these I-pictures.

It should be noted that 1n FIG. 21, a modification can be
made such that when the difference between PTS of an entry
point of the primary video whose PID 1s 0x1011 and EP_ID 1s
a multiple of four, and PTS of an entry point of the secondary
video whose PID 1s Ox1B0O and which 1s closest to the afore-
mentioned PTS 1s more than half of the maximum value of the
interval of I-pictures set by the BD-ROM format, the I-picture
indicated by the entry point having PID of 0x1B00 does not
need to be rendered untransformable. As a result, when play-
ing back an I-picture of an entry point whose PID 1s 0x1011
and EP_ID 1s a multiple of four, the playback apparatus 1s not
required to play back a part unnecessarily further away to play
back an untransformable I-picture of an entry point having
PID of Ox1BO0O0. This reduces the load on the playback appa-

ratus.
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Also, a modification can be made as 1n the following: 1n a
case where there are two entry points, among the entry points

of the secondary video having PID of O0x1B00, whose PTSs

are equally closest to the PTS of an entry point of the primary
video whose PID 1s 0x1011 and EP_ID 1s a multiple of four,
the I-picture indicated by one of the two entry points with PTS
which 1s positioned posterior to the other 1s rendered untrans-
formable, and the I-picture indicated by the other which 1s
positioned anterior 1s not rendered untransformable. For
example, in FIG. 21, among the entry points having PID of
0x1B00, the entry point having EP_ID of E and the entry
point having EP_ID of F are closest to the PTS of the entry
point whose PID 1s 0x1011 and EP_ID 1s 4(N+2). In accor-
dance with the modification, only the I-picture indicated by
the posteriorly positioned entry point having EP_ID of F 1s
rendered untransformable.

Up to this point, the data structure of the BD-ROM which

1s the recording medium of the present mvention has been
described.

Conclusion

As described above, according to the present invention, the
following two aspects can be achieved: (1) copyright protec-
tion at the TS packets level 1s realized by transforming part of
the AV stream; and (11) because every fourth entry unit in the
primary video stream and entry units, in the secondary video
stream, each storing Presentation Time Stamp (PTS) closest
to the every fourth entry unit in the primary video stream are
ensured to be untransformed, by selectively using these
untransformed entry units, 1t 1s not necessary to execute trans-
form restoration processing when performing high-speed
tast-forward/rewind playback, thereby preventing increase of
processing load.

Here, 1n particular, the TS packets 1n the secondary video
stream which are ensured to be untransformed constitute
entry units closest, in terms of time, to the every fourth entry
unit 1n the primary video stream. Accordingly, even selective
use of the entry units constituted by these untransformed T'S
packets also enables fast-forward/rewind where the primary
video stream and the secondary video stream are as closely
synchronized as possible.

Modifications

The following describes modifications of the present
embodiment, with respect to the selection of the I-pictures to
be rendered untranformable 1n the secondary video.

(1) It should be noted that the untransformable I-pictures 1n
the secondary video may be determined as shown 1n FIG. 23.
FIG. 23 shows SPN positions of entry points with respect to
the AV stream file. Arrows shown 1n the second row of FI1G. 23
indicate SPN positions of the entry points having PID of
0x1011. EP_ID of each of these entry points 1s a multiple of
four, and the I-pictures indicated by these entry points are
untransformable. Arrows shown 1n the third row of FIG. 23
indicate SPN positions of the entry points having PID of
0x1B00. Here, with respect to each SPN position of an entry
point with EP_ID of a multiple of four, in the primary video
stream having PID of 0x1011, an I-picture indicated by,
among the entry points of the secondary video stream having
PID of O0x1B00, an entry point whose SPN 1is closest to the
SPN position 1s rendered untransformable.

For example, among the entry points having PID of
0x1B00, an entry point having EP_ID of B 1s closest to the
SPN of the entry point whose PID 1s 0x1011 and EP_ID 1s 4N.

Accordingly, the I-picture indicated by this entry point 1s
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rendered untransformable. Stmilarly, among the entry points
having PID of Ox1B00, the entry point having EP_ID of C 1s

closest to the SPN of the entry point whose PID 1s Ox1011 and
EP_ID1s 4(N+1). Accordingly, the I-picture indicated by this
entry point 1s rendered untransformable. Furthermore, among
the entry points whose PID 1s Ox1B00, the entry point having

EP_ID of E and the entry point having EP_ID of F are closest
to the SPN of the entry point whose PID 1s O0x1011 and EP_ID
1s 4(IN+2). In this case, both I-pictures indicated by these two
entry points are rendered untransformable.

In the present modification, untransformable I-pictures of
the primary and secondary videos are stored at positions close
to each other in the packet sequences of the AV stream. With
the AV stream having this data structure, when performing
tast-forward/rewind of the primary and secondary videos, the
playback apparatus uses I-pictures which are close to each
other 1n terms of storage position in the file for playback,
thereby reducing the load of BD-ROM drive reading process-
ng.

It should be noted that 1n FIG. 23, a modification can be
made such that when the difference between (a) SPN of an
entry point having EP_ID of a multiple of four, of the primary
video stream having PID of O0x1011, and (b) SPN of, among
entry points of the secondary video whose PID 1s O0x1B00, an
entry point whose SPN 1s closest to the SPN pertaining to PID
of 0x1011 1s more than a size determined by (half of the
maximum temporal interval between I-pictures set by the
BD-ROM format)*(bitrate size of the AV stream), the I-pic-
ture pertaining to PID of O0x1B00 does not need to be rendered
untransformable. As a result, when playing an I-picture of the
entry point having EP_ID of a multiple of four, of the primary
video stream having PID o1 0x1011, the playback apparatus 1s
not required to play back a part unnecessarily turther away to
play back an untransformable I-picture of an entry point of the
secondary video having PID of Ox1B00, thereby reducing the
load on the playback apparatus.

(2) As another modification, the untransformable I-pic-
tures 1n the secondary video may be determined as shown in
FIG. 24. FI1G. 24 shows SPN positions of entry points with
respect to the AV stream file. Arrows shown 1n the second row
of FIG. 24 indicate SPN positions of the entry points having
PID of 0x1011. EP_ID of each of these entry points 1s a
multiple of four, and the I-pictures indicated by these entry
points are untransiormable. Arrows shown in the third row of
FIG. 24 indicate SPN positions where beginnings of the I-pic-
tures of the secondary video having PID of Ox1B00O exist.
Here, the first I-picture among I-pictures of the secondary
video positioned posterior to the entry point having EP_1D of
a multiple of four, of the primary video having PID o1 0x1011,
are rendered untransformable. In other words, 1n the second-
ary video, an entry unit storing the first I-picture, among the
[-pictures whose SPN are positioned posterior to the entry
point, of the primary video, having EP_ID of a multiple of
four, becomes a untransformable range.

For example, in FIG. 24, among the I-pictures whose PID
1s 0x1B00 and which are positioned posterior to the SPN
indicated by the entry point whose PID 1s Ox1011 and EP_ID
1s 4N, the I-picture#B 1s the beginning of the picture closest to
the SPN pertaining to PID of 0x1011. Accordingly, this I-pic-
ture 1s rendered untransformable. Similarly, among the I-pic-
tures positioned posterior to the SPN of the entry point whose
PID 1s 0x1011 and whose EP_ID 1s 4(IN+1), the I-picture#E 1s
the beginning of the picture closest to the SPN of the entry
point whose PID 1s 0x1011 and EP_ID 1s 4(N+1). Accord-
ingly, this I-picture 1s rendered untransformable. With this
structure, untransiformed I-pictures of the secondary video
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can be specified using only the entry map of the primary
video, thereby reducing the load of implementation of the
playback apparatus.

It should be noted that this can be modified such that when
the difference between SPN of an entry point whose PID 1s
0x1011 and EP_ID 1s a multiple of four, and SPN of, among
cach beginning of pictures whose PID 1s Ox1B00 and SPN 1s
positioned posterior to the SPN pertaining to PID of 0x1011,
the beginning of a picture whose SPN 1s closest to the SPN
pertaining to PID o1 0x1011 1s more than a s1ze determined by
(the maximum temporal interval between I-pictures set by the

BD-ROM format)*(bitrate size of the AV stream), the I-pic-
ture pertaining to PID of 0x1B00 does not need to be rendered
untransformable. As a result, when playing an I-picture of an
entry point whose PID 1s 0x1011 and EP_ID 1s a multiple of
tour, the playback apparatus 1s not required to play back a part
unnecessarily further away to play back an untransformable
[-picture of an entry point having PID of Ox1B00, thereby
reducing the load on the playback apparatus.

(3) As another modification, the untransformable I-pic-
tures 1n the secondary video may be determined as shown in
FIG. 25. FIG. 25 shows PTS positions of entry points with
respect to the STC which 1s the playback time axis of the AV
stream. Arrows shown 1n the second row of FIG. 25 indicate
the PTS positions of the entry points having PID of O0x1011.
EP_ID of each of these entry points 1s a multiple of four, and
the I-pictures indicated by these entry points are untransform-
able. Arrows shown 1n the third row of FIG. 25 indicate the
PTS positions of the entry points having PID of 0x1BO0O.
Here, with respect to each PTS position whose PID 1s 0x1011
and EP_ID 1s a multiple of four, an I-picture indicated by,
among the entry points whose PID 1s Ox1B00O and which are
positioned posterior to the PTS position, an entry point whose
PTS 1s closest to the PTS position 1s rendered untransforms-
able.

For example, among the entry points whose PID 1s O0x1B0O
and which are positioned posterior to the PTS of the entry
point whose PID 1s 0x1011 and EP_ID 1s 4N, the entry point
having EP_ID of B 1s closest to the PTS of the entry point
whose PID 1s O0x1011 and EP_ID 1s 4N. Accordingly, the
[-picture 1indicated by this entry point i1s rendered untrans-
formable. Similarly, among the entry points whose PID 1s
0x1B00 and which are positioned posterior to the PTS of the
entry point whose PID 1s 0x1011 and EP_ID 1s 4(N+1), the
entry point having EP_ID of C 1s closest to the PTS of the
entry point whose PID 1s 0x1011 and EP_ID 1s 4(N+1).
Accordingly, the I-picture indicated by this entry point 1s
rendered untransiformable. With this data structure, when per-
forming fast-forward/rewind of primary and secondary vid-
cos, the playback apparatus can easily search I-pictures which
are close to each other 1n terms of presentation time, thereby
realizing efficient fast-forward/rewind of the primary and
secondary videos by the playback apparatus as a result.

It should be noted that this can be modified such that when
the difference between PTS of an entry point whose PID 1s
0x1011 and EP_ID 1s a multiple of four, and PTS of an entry
point whose PID 1s Ox1B00 and which 1s closest to the afore-
mentioned PTS 1s more than the maximum value of the inter-
val of I-pictures set by the format, the I-picture indicated by
the entry point having PID of O0x1B00 does not need to be
rendered untransformable. As a result, when playing back an
[-picture of an entry point whose PID 1s 0x1011 and EP_ID 1s
a multiple of four, the playback apparatus 1s not required to
play back a part unnecessarily further away to play back an
untransformable I-picture of an entry point having PID of
0x1B00. This reduces the load on the playback apparatus.
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(4) As another modification, the untransformable I-pic-
tures 1n the the secondary video may be determined as shown
in FIG. 26. FIG. 26 shows SPN positions of entry points with
respect to the AV stream file. Arrows shown 1n the second row
of FIG. 26 indicate the SPN positions of the entry points
having PID of 0x1011. EP_ID of each of these entry points 1s
a multiple of four, and the I-pictures indicated by these entry
points are untransiormable. Arrows shown in the third row of
FIG. 26 indicate SPN positions where beginnings of the I-pic-
tures of the secondary video having PID of O0x1B0O exist.
Here, with respect to each SPN position whose PID 1s 0x1011
and EP_ID 1s a multiple of four, an I-picture, of the secondary
video having PID of Ox1B00, whose SPN at the beginning
thereof 1s closest to the SPN position 1s rendered untrans-
formable.

For example, 1n FIG. 26, among the I-pictures having PID
of O0x1B00, the I-picture#B 1s the beginming of the picture
closest to the SPN indicated by the entry point whose PID 1s
0x1011 and EP_ID 1s 4N. Accordingly, this I-picture 1s ren-
dered untransformable. Similarly, among the I-pictures hav-
ing PID of Ox1B00, the I-picture#c i1s the beginning of the
picture closest to the SPN of the entry point whose PID 1s
0x1011 and EP_ID 1s 4(IN+1). Accordingly, this I-picture 1s
rendered untransformable. With this data structure, when per-
forming fast-forward/rewind of primary and secondary vid-
¢os, the playback apparatus can easily search and play I-pic-
tures which are close to each other 1n terms of file position,
thereby realizing etficient fast-forward/rewind of the primary
and secondary videos by the playback apparatus as a result.

It should be noted that this can be modified such that when
the difference between SPN of an entry point whose PID 1s
0x1011 and EP_ID 1s a multiple of four, and SPN of, among
I-pictures having PID of Ox1B00, an I-picture whose SPN 1s
closest to the SPN pertaiming to PID of 0x1011 1s more than
the size determined by (the maximum temporal interval
between I-pictures set by the format)*(bitrate size of the
AVclip), the I-picture pertaining to PID of 0x1B00 does not
need to be rendered untransformable. As a result, when play-
ing an I-picture of the entry point whose PID 1s 0x1011 and
EP_ID 1s a multiple of four, the playback apparatus 1s not
required to play back a part unnecessarily further away to play
back an untransformable I-picture of an entry point having
PID of 0x1B00, thereby reducing the load on the playback
apparatus

(5) As another modification, the untransformable I-pic-
tures 1n the secondary video may be determined as shown in
FIG. 27.

FI1G. 27 shows PTS positions of entry points with respect to
the STC which 1s the playback time axis of the AV stream.
Arrows shown in the second row of FIG. 27 indicate the PTS
positions of the entry points having PID o1 0x1011. EP_ID of
cach of these entry points 1s a multiple of four, and the I-pic-
tures indicated by these entry points are untransiormable.
Arrows shown 1n the third row of FIG. 27 indicate the PTS
positions of the entry points having PID of O0x1B00. Here,
with respect to each PTS position whose PID 1s 0x1011 and
EP_ID 1s a multiple of four, part of the stream from SPN of,
among the entry points whose PID 1s Ox1B00 and whose PTS
1s equivalent to or positioned anterior to the PTS position, an
entry point whose PT'S 1s closest to the PTS position, to SPN
of the next entry point having PID of 0x1B0O0 is rendered
untransiormable.

For example, among the entry points whose PID 1s Ox1B00
and PTS 1s equivalent to or positioned anterior to PTS of the
entry point whose PID 1s O0x1011 and EP_ID 1s 4N, the entry
point having EP_ID of A 1s closest to the PTS of the entry
point whose PID 1s 0x1011 and EP_ID 1s 4N. And the next
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entry point having PID of Ox1BO0O0 1s the entry point having
EP_ID of B. Accordingly, the secondary video stream
between SPNs of these two entry points 1s rendered untrans-
formable. Similarly, among the entry points whose PID 1s
0x1B00 and whose PTS 1s equivalent to or positioned anterior
to PTS of the entry point whose PID 1s 0x1011 and EP_ID 1s
4(N+1), the entry point having EP_ID of C 1s closest to the
PTS of the entry point whose PID 1s 0x1011 and EP_ID 1s
4(N+1). And the next entry point having PID of Ox1B0O 1s the
entry point having EP_ID of D. Accordingly, the secondary
video stream between SPNs of these two entry points 1s
rendered untransformable.

With this data structure, when performing fast-forward/
rewind of primary and secondary videos, the playback appa-
ratus can easily search the secondary video stream which has
the same PTS as the presentation time, thereby realizing
eificient fast-forward/rewind of the primary and secondary
videos by the playback apparatus as a result.

(6) As another modification, the untransformable I-pic-
tures 1n the secondary video may be determined as shown in
FIG. 28.

FI1G. 28 shows P'T'S positions of entry points with respect to
the STC which s the playback time axis of the AV stream. The
arrows shown in the second row of FIG. 28 indicate the PTS
positions of the entry points having PID o1 0x1011. EP_ID of
cach of these entry points 1s a multiple of four, and the I-pic-
tures indicated by these entry points are untransformable.
Arrows shown 1n the third row of FIG. 28 indicate the PTS
positions of the entry points having PID of 0x1B00. Here,
with respect to each PTS position whose PID 1s 0x1011 and
whose EP_ID 1s a multiple of four, part of the stream from
SPN of, among the entry points whose PID 1s Ox1B00 and
whose PTSs are positioned anterior to the PTS position, an
entry point whose PTS 1s closest to the PTS position, to SPN
of the next entry point having PID of Ox1B00 is rendered
untransformable. However, it should be noted, with respect to
cach P'TS position whose PID 1s O0x1011 and whose EP_ID 1s
a multiple of four, if an entry point whose PID 1s Ox1B00 and
whose PTS 1s equivalent to the PTS position exists, an I-pic-
ture indicated by this entry point 1s rendered untransformable.

For example, among the entry points whose PID 1s Ox1B0O
and whose PTSs are positioned anterior to PTS of the entry
point whose PID 1s 0x1011 and EP_ID 1s 4N, the entry point
having EP_ID of A 1s closest to the PTS of the entry point
whose PID 1s 0x1011 and EP_ID i1s 4N. And the next entry
point having PID of Ox1BO0O 1s the entry point having EP_1D
of B. Accordingly, the secondary video stream between SPNs
of these two entry points 1s rendered untransformable. Fur-
ther, among the entry points whose PID 1s Ox1B0O, PTS of the
entry point having EP_ID of C 1s equivalent to the PTS of the
entry point whose PID 1s 0x1011 and EP_ID 1s 4(N+! )
Accordingly, the I-picture indicated by this entry point 1s
rendered untransformable.

With this data structure, when performing fast-forward/
rewind of primary and secondary videos, the playback appa-
ratus can easily search the secondary video stream which has
the same PTS as the presentation time, thereby realizing
eificient fast-forward/rewind of the primary and secondary
videos by the playback apparatus as a result.

(7) As another modification, the untransformable I-pic-
tures 1n the secondary video may be determined as shown in
FIG. 29.

FI1G. 29 shows P'T'S positions of entry points with respect to
the STC which 1s the playback time axis of the AV stream.
Arrows shown 1n the second row of FIG. 29 indicate the PTS
positions of the entry points having PID o1 0x1011. EP_ID of
cach of these entry points 1s a multiple of four, and the I-pic-
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tures indicated by these entry points are untransformable.
Arrows shown 1n the third row of FIG. 29 indicate the PTS
positions of the entry points having PID of Ox1B00. Here,
with respect to each PTS position whose PID 1s 0x1011 and
EP_ID 1s a multiple of four, part of the stream from SPN of,
among the entry points whose PID 1s Ox1B0O and PTSs are
equivalent to or positioned anterior to the PTS position, an
entry point whose PTS 1s closest to the PTS position, to the
I-picture of the next entry point having PID of 0x1BO0O 1s
rendered untransformable.

For example, among the entry points whose PID 1s Ox1B00
and PTSs are equivalent to or positioned anterior to PTS of the
entry point whose PID 1s 0x1011 and EP_ID 1s 4N, the entry
point having EP_ID of A 1s closest to the PTS of the entry
point whose PID 1s 0x1011 and EP_ID 1s 4N. And the I-pic-
ture indicated by the next entry point having PID of Ox1B0O
1s the entry point having EP_ID of B. Accordingly, the sec-
ondary video stream from SPN of this entry point having
EP_ID of A to the I-picture indicated by the entry point
having EP_ID of B 1s rendered untransformable. Similarly,
among the entry points whose PID 1s Ox1B00 and whose
PTSs are equivalent to or positioned anterior to PTS of the
entry point whose PID 1s 0x1011 and EP_ID 1s 4(IN+1), the
entry point having EP_ID of C 1s closest to the PTS of the
entry point whose PID 1s Ox1011 and EP_ID 1s 4(N+1). And
the next entry point having PID of O0x1BO00 1s the entry point
having EP_ID of D. Accordingly, the secondary video stream
from SPN of this entry point having EP_ID of C to the
I-picture indicated by the entry point having EP_ID of D 1s
rendered untransformable.

With this data structure, when performing fast-forward/
rewind of primary and secondary videos, the playback appa-
ratus can easily search the picture of the secondary video
stream which has the same PTS as the presentation time of the
primary video, while at the same time being able to easily
search the I-picture ol the secondary video being closest to the
presentation time of the primary video, thereby realizing effi-
cient fast-forward/rewind of the primary and secondary vid-
cos by the playback apparatus as a result.

(8) As another modification, the untransformable I-pic-
tures 1n the secondary video may be determined as shown in
FIG. 30.

FIG. 30 shows PT'S positions of entry points with respect to
the STC which 1s the playback time axis of the AV stream.
Arrows shown 1n the second row of FIG. 30 indicate the PTS
positions of the entry points having PID o1 0x1011. EP_ID of
cach of these entry points 1s a multiple of four, and the I-pic-
tures indicated by these entry points are untransiormable.
Arrows shown 1n the third row of FIG. 30 indicate the PTS
positions of the entry points having PID of Ox1B00. Here,
with respect to each PTS position whose PID 1s 0x1011 and
EP_ID 1s a multiple of four, part of the stream from SPN of,
among the entry points whose PID 1s 0x1B00 and whose PTS
1s positioned anterior to the PTS position, an entry point
whose PTS 1s closest to the PTS position, to the I-picture
indicated by the next entry point having PID of 0x1B0O 1s
rendered untransformable. However, it should be noted, with
respect to each PTS position whose PID 15 0x1011 and EP_ID
1s a multiple of four, 1f an entry point whose PID 1s Ox1B0O
and P'TS 1s equivalent to the PTS position exists, an I-picture,
in the secondary video, indicated by this entry point 1s ren-
dered untransformable.

For example, among the entry points whose PID 1s Ox1B00
and whose PTSs are positioned equivalent to or anterior to
PTS of the entry point whose PID 1s 0x1011 and EP_ID 1s 4N,
the entry point having EP_ID of A 1s closest to the PTS of the
entry point whose PID 1s 0x1011 and EP_ID i1s 4N. And the
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next entry point having PID of 0x1B0O 1s the entry point
having EP_ID of B. Accordingly, the secondary video stream

from SPN of this entry point having EP_ID of A to the
[-picture 1indicated by the entry point having EP_ID of B 1s
rendered untransformable. Further, among the entry points
whose PID 1s 0x1B00, PTS of the entry point having EP_1D
of C 1s equivalent to the PTS of the entry point whose PID 1s
0x1011and EP_ID 1s 4(N+1). Accordingly, the I-picture indi-
cated by this entry point 1s rendered untransformable.

With this data structure, when performing fast-forward/
rewind of primary and secondary videos, the playback appa-
ratus can easily search the picture of the secondary video
stream which has the same PTS as the presentation time of the
primary video, while at the same time being able to easily
search the I-picture ol the secondary video being closest to the
presentation time of the primary video, thereby realizing effi-
cient fast-forward/rewind of the primary and secondary vid-
cos by the playback apparatus as a result.

It should be noted that when the pictures to be rendered
untransformable, indicated by the entry points of the entry
maps of the primary and secondary videos, are of a field
structure and the picture of the second field 1s inter-frame
encoded (for example, Predictive method), both the first and
second fields can be rendered untransformable. With this
structure, when executing special playback without restoring
the stream, the playback apparatus 1s able to play back data in
both of the first and second fields of the picture, which are to
be rendered untransformable, indicated by the entry map.

Second Embodiment

In the second embodiment, the playback apparatus of the
present invention 1s described.

FI1G. 31 shows a structure of a playback apparatus 200. The
playback apparatus 200 includes a BD-ROM drive 11, a read
builer 12, a system target decoder 13, a data restoration pro-
cessing umt 14, a restoration entry generation unit 15, a
restoration byte code data execution unit 16, a data analysis
execution umt 17, and a user event processing unit 18.

The BD-ROM drive 11 reads data from the BD-ROM disc
based on commands from the data analysis execution unit 17
and stores the read data into the read bufier 12. The data read
from the BD-ROM disc includes the Index File, Movie Object
file, and PlayList file 1n addition to the AV stream. When a
command to read restoration byte code data 1s generated by
the restoration byte code data execution unit 16, the BD-ROM
drive 11 reads the restoration byte code data from the BD-
ROM disc and transmits 1t to the restoration byte code data
execution umt 16.

The read butfer 12 is a buffer composed of a memory or the
like temporarily storing the data read using the BD-ROM
driver.

The system target decoder 13 performs demultiplexing
processing on source packets read by the read builer 12, and
decodes and plays back each stream. When data of PMT 1s
transferred from the read buffer 12 and a system target
decoder 1n the system target decoder 13 detects a restoration
descriptor, the system target decoder 13 transfers to the res-
toration entry generation unit 15 the restoration descriptor
and SPN of the PMT packet in which the restoration descrip-
tor 1s described. Details of the system target decoder 13 are
described later.

The user event processing unit 18 responds to user opera-
tions via the remote controller and requests the data analysis
execution unit 13 to execute processing. For example, when a
button on the remote controller 1s pressed, the user event
processing unit 18 requests the data analysis executionunit 13
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to execute the command contained in the button. For example,
when the fast-forward/rewind button on the remote controller
1s pressed, the user event processing unit 18 mstructs the data
analysis execution unit 13 to execute fast-forward/rewind
processing on the AV stream of the PlayList currently being
played back.

The restoration byte code data execution unit 16, upon
receiving an execution command from the data analysis
execution unit 17, recerves the number of the AV stream and
the restoration segment 1D from the data analysis execution
unmt 17, acquires the restoration byte code data 16 from the
BD-ROM drive 11, and executes processing. A restoration
parameter generated from the restoration byte code data 1s
passed on to the restoration entry generation unit.

The restoration entry generation unit 15 generates a resto-
ration entry by executing, on the mask restoration entry
included in the restoration descriptor transferred from the
system target decoder 13, XOR operation processing of the
restoration parameter transierred from the restoration byte
code data execution unit 16. The restoration entry generation
unit 15 transiers SPN of a PMT packet corresponding to the
generated restoration entry, to the data restoration processing
umt 14.

The data restoration processing unit 14 recerves the SPN of
the PMT packet corresponding to the restoration entry trans-
ferred from the restoration entry generation unit 15 and
executes restoration processing. When the transformation
instruction flag of the restoration entry 1s “restoration not
required”, the data restoration processing unit 14 1gnores the
restoration entry and performs no processing. When the trans-
formation instruction flag of the restoration entry 1s “restora-
tion required”, the data restoration processing unit 14 1denti-
fies a source packet, which is the restoration target, based on
the relative packet count and the SPN of the PMT packet, and
finds the 1dentified source packet in the read butfer 12. The
data restoration processing unit 14 identifies an overwrite
position 1n the source packet based on the intra-packet posi-
tion of the restoration entry, and overwrites i1t with the over-
write value.

The data analysis execution unit 17 includes a command
processor executing navigation commands which constitute a
Movie Object, and a playback control engine. The playback
control engine plays back the AV stream, via the PlayList
information, based on an execution result of PlayPL com-
mand by the command processor, API calls by a platform
unit, and the like. The data analysis execution unit 17 man-
ages how far the AV stream has been played back, and prior to
changing of the restoration segment in the AV stream,
instructs the restoration byte code data execution unit 16 to
execute the restoration byte code data to generate the next
restoration parameter.

The data analysis execution unit 17, upon being notified, by
the restoration byte code data execution unit 16, of an execu-
tion command of special playback which 1s high-speed fast-
forward/rewind, analyzes the entry map 1n which PID in the
stream 1information file of the AV stream to be played back
indicates the primary video, and identifies entry points whose
EP_ID 1s a multiple of four. Next, the data analysis execution
umt 17 analyzes the entry map in which PID 1n the stream
information file of the AV stream to be played back indicates
the secondary video. After selecting the entry point of the
primary video to be played back first, the data analysis execu-
tion unit 17 selects, in the entry map of the secondary video,
an entry point whose PTS 1s close to the PTS of the entry point
of the primary video. Following that, the data analysis execu-
tion umt 17 realizes high-speed fast-forward/rewind by
repeating the following processing (1) to (4). (1) The data
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analysis execution unit 17 notifies the BD-ROM drive 11 of
the smallest SPN among the selected entry points of the

primary video and secondary video, and requests the BD-
ROM drive 11 to start reading from the notified SPN. (2) The
data analysis execution unit 17 provides information on the
entry points of the primary video and secondary video to the
system target decoder 13, and instructs the system target
decoder 13 to play back only I-pictures therein. (3) The data
analysis execution unit 17 receives notification of playback
completion of the I-pictures of the primary video and second-
ary video from the system target decoder 13. (4) The data
analysis execution unit 17 selects, 1n the entry map of the
primary video, an entry point to be played back next whose
EP_ID 1s a multiple of four, and selects, in the entry map of
the secondary video, an entry point whose PTS 1s closest to
the PTS of the selected entry point of the primary video. Note
that obviously, not all of the entry points 1n the primary video
with a multiple of four need to be played back, and the entry
points are selected and played back 1n accordance with the
speed of fast-forward/rewind specified by the user.

System Target Decoder 13

Next, the system target decoder 13 1s described with refer-
ence to F1G. 32.

A source packetizer 21 interprets source packets trans-
terred to the system target decoder 13, fetches TS packets
therefrom, and transmits the fetched TS packets to a PID filter
23. When transmitting the TS packets to the PID filter 23, the
source packetizer 21 adjusts input time to the decoder accord-
ing to ATS of each source packet. Specifically, when the value
of ATC generated by an ATC counter 22 coincides with the
value of ATC of the source packet, the source packetizer 21
sends only the TS packet to the PID filter 23 1n accordance
with the recording rate of the ACVlip.

The PID filter 23 transiers, among the TS packets output
from the source packetizer 21, TS packets whose PID coin-
cides with PID required for the playback to, in accordance
with PID, a primary video decoder 24, a secondary video
decoder 25, an IG decoder 26, a PG decoder 27, an audio
decoder 28, and a system packet decoder 29. For example, for
a BD-ROM, the PID filter 23 sends a TS packet to the primary
video decoder 24 when PID included in the TS packet 1s
0x1011, to the secondary video decoder 25 when PID 1s
Ox1B00O to Ox1B1F, to the audio decoder 28 when PID 1s
0Ox1100 to Ox111F, to the PG decoder 27 when PID 1s 0x1200
to Ox121F, to the IG decoder 26 when PID 1s 0x1400 to
0x141F, and to the system packet decoder 29 when PID is
0x0000 1indicating PAT or 0x0100 indicating PMT.

The primary video decoder 24 includes TB (TransportS-
treamBuifer) 30, MB (Multiplexing Butier) 31, EB (Elemen-
taryStreamButfer) 32, a compressed video decoder 33, RB
(Re-order Butler) 34, and a switch 35.

The TB 30 1s a buffer temporarily storing TS packets
belonging to a video stream when the TS packets are output
from the PID filter 23.

The MB 31 i1s a buller temporarily storing PES packets
when the TB 30 outputs the video stream to the EB 32.

The EB 32 1s a buffer storing encoded pictures (I-pictures,
B-pictures, and P-pictures).

The compressed video decoder 33 creates multiple frame
images by decoding each frame 1image 1n the video elemen-
tary stream according to a predetermined decoding time
(DTS). Compression encoding methods used for video
streams multiplexed mto an AV stream include MPEG?2,
MPEG4AVC, VCI1, and the like, and the compressed video

decoder 33 1s set according to the attribute of the stream. The
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compressed video decoder 33, when information on the entry
maps has been transmitted from the data analysis execution
umt 17 to the system target decoder 13 and the information
instructs only playback of I-pictures, notifies the data analysis
execution umt 17 upon completion of decoding of the I-pic-
tures.

The RB 34 is a buffer for changing the order of the decoded
pictures from the order of encoding to the order of presenta-
tion.

The switch 35 1s a switch for changing the order of the
decoded pictures from the order of encoding to the order of
presentation. Changeover of the switch 35 causes the pictures
to be written 1nto a plain memory 42 1n accordance with the
presentation time (PTS).

The secondary video decoder 25 which has the same struc-
ture as the primary video decoder 24 decodes input secondary
video streams and writes the pictures into a plain memory 43
in accordance with the presentation time (PTS).

The IG decoder 26 extracts and decodes interactive graph-
ics streams from the TS packets input from the source pack-
ctizer and writes uncompressed graphics data into a plain
memory 44 1n accordance with the presentation time (PTS).

The PG decoder 27 extracts and decodes presentation
graphics streams from the TS packets input from the source
packetizer and writes uncompressed graphics data into aplain
memory 45 1n accordance with their presentation time (PTS).

The addition unmit 46 instantancously overlaps the data
written 1n the plain memories 42, 43, 44, and 45 and displays
the overlapped data on TV or the like.

The audio decoder 28 1s composed of TB (TransportStre-
amBuliler) 36, B (Buitler) 37, and a compressed audio decoder
38.

The TB 36 stores the TS packets output from the PID filter
23 1n a first-in first-out manner and transiers the stored TS
packets to the B 37 at a constant bitrate.

The B 37 stores the audio stream mput from the TB 36 in a
first-1n first-out manner and provides the stored audio stream
to the compressed audio decoder 38 1n units of PES packets.

The compressed audio decoder 38 performs decoding pro-
cessing on the mput PES packets, thereby obtaining audio
data in compressed LPCM, and outputs the obtained audio
data in accordance with the playback time (PTS). Compres-
sion encoding methods for audio streams to be multiplexed
into an AV stream include AC3, DTS and the like. The com-
pression video decoder 33 1s switched in accordance with the
attribute of the stream.

The system packet decoder 29 1s composed of TB (Trans-
portStreamBuitfer) 39, B (Buifer) 40, and a system packet
analysis umt 41.

The TB 39 stores the TS packets output from the PID filter
23 1n a first-in first-out manner and transfers the stored TS
packets to the B 40 at a constant bitrate.

The B 40 transfers the data mput from the TB 39 at a
constant transfer rate and data of PAT and PMT, to the system
packet analysis unit 41.

The system packet analysis unit 41 analyzes contents of
input transferred PAT and PMT. For example, the system
packet analysis unit 41 analyzes stream 1information
described in PMT and mitializes the respective decoders.
When PMT includes a restoration descriptor at the beginning
thereol, the system packet analysis unit 41 extracts the resto-
ration descriptor and notifies the restoration entry generation
unit 15 of SPN of the PMT packet.

Described above 1s the hardware structure of the playback
apparatus of the present invention.

Next, detailed description 1s given on operations during
high-speed fast-forward/rewind playback, which 1s the fea-
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ture of the playback apparatus of the present embodiment.
The operations during high-speed fast-forward/rewind play-

back are controlled by the data analysis execution unit 17.
FIG. 33 1s a flowchart showing the processing by the data
analysis execution unit 17.

Upon recerving a fast-forward/rewind instruction by user
operation, the data analysis execution umt 17 first sets a
variable n allocated on a work memory to 0 (5101), and
determines a multiple-speed parameter A 1n accordance with
the specified playback speed (S102).

After that, the data analysis execution unit 17 selects entry
points of the primary video and secondary video for playback
by executing playback entry point selection processing using,
the variable n and multiple-speed parameter A (5103) and
instructs the system target decoder 13 to play back the I-pic-
tures 1indicated by the selected entry points (5104).

The data analysis execution unit 17 executes the above-
mentioned processing repeatedly (5103 to S105), and upon
receiving a stop instruction by the user or reaching the end of
the entry map (S105: No), ends the special playback.

Next, description 1s given on the playback entry point
selection processing. FIG. 34 1s a flowchart showing process-
ing steps of the playback entry point selection processing.

In the playback entry point selection processing, the data
analysis execution unit 17 first searches the entry map of the
primary video for the 4An-th entry point, and selects the entry
point as the playback target of the primary video (S111).

Next, the data analysis execution unit 17 searches the entry
map ol the secondary video for an entry point whose PTS 1s
closest to PTS of the entry point of the primary video selected
in S111 (S112). Here, when two entry points are detected 1n
the secondary video (5113: Yes), one of the two which 1s
posteriorly positioned to the other in terms of time 1s selected
as the playback target of the secondary video (S114). When
one entry point 1s detected in the secondary video i S112
(S113: No), the detected entry point 1s selected as the play-
back target of the secondary video (S115). Lastly, the data
analysis execution umt 17 increments the variable n by one
(S116) and after that, performs the high-speed fast-forward/
rewind playback shown in FIG. 33.

Up to this point, the playback entry point selection pro-
cessing has been described 1n detail.

As described above, according to the present embodiment,
when an AV stream 1s read, for performing high-speed fast-
torward/rewind playback thereof, from a recording medium
on which copyright protection at the T'S packet level has been
realized by recording the AV stream which 1s partially trans-
formed, an increase 1n the processing load can be avoided by
selectively using the following TS packets: TS packets which
are ensured to be untransformed, that 1s, TS packets consti-
tuting every fourth entry unit in the primary video stream and
TS packets constituting entry units in the secondary video
stream, each of which has a presentation time stamp closest to
any one of the every fourth entry unit 1n the primary video
stream.

Third Embodiment

In the third embodiment, an embodiment of the recording
apparatus and recording method of the present invention 1s
described. For the production and manufacturing of the BD-
ROM mentioned 1n the first embodiment, the recording appa-
ratus and the recording method of the present invention are
used.

Here, the recording apparatus 1s so-called an authoring
apparatus which 1s 1nstalled at production studios for distrib-
uting motion picture content and used by authoring staif. A

10

15

20

25

30

35

40

45

50

55

60

65

24

use form of the recording apparatus of the present invention 1s
as follows: the recording apparatus generates digital streams
which are compression encoded 1n accordance with MPEG
standard and scenarios which describe how to play back
motion picture Titles, and generates, for BD-ROM, a volume
image mcluding these. The object of the recording apparatus
of the present invention 1s to generate the recording medium
described 1n the first embodiment.

FIG. 35 shows the internal structure of the recording appa-
ratus of the present invention. As shown 1n the figure, the
recording apparatus of the present invention includes a mate-
rial production unit 201, a scenario generation unit 202, a
multiplexing unit 203, a restoration entry generation unit 204,
a restoration byte code data generation unit 205, a transior-
mation processing unit 206, a format processing unit 207, and
a master production unit 208.

The material production 201 creates streams such as video
streams, audio streams, presentation graphics streams, and
interactive graphics streams. The material production unit
201 creates video streams by encoding video images such as
uncompressed bit map in accordance with a compression
standard such as MPEG4-AVC and MPEG2. Also, the mate-
rial production unit 201 creates audio streams by encoding
uncompressed Linear PCM audio and the like in accordance
with a compression standard such as AC3. The material pro-
duction unit 201 creates presentation graphics streams which
are formats of subtitle streams conforming to the BD-ROM
standard, based on a subtitle information file which includes
subtitle images, presentation timing, and subtitle effects such
as fade-in/fade-out. The material production unit 201 creates
interactive graphics streams which are formats of menu
screens conforming to the BD-ROM standard, based on bit-
map 1mages used for the menu and a menu file describing
transition of buttons on the menu and presentation effects.

The scenario generation umt 202 creates scenarios 1n a
format conforming to the BD-ROM standard in accordance
with information on the streams created by the material pro-
duction unit 201 and operations by the authoring staff via
GUI. Here, the scenarios correspond to files such as the Index
File, Movie Object file, and PlayList file. The scenario gen-
eration unit 202 further creates parameter files each describ-
ing which streams compose which AV stream, to realize mul-
tiplexing processing.

The multiplexing unit 203 multiplexes multiple streams
such as video, audio, subtitles, buttons and the like described
in BD-ROM scenario data into an AV stream in MPEG2-TS
format. Here, a stream 1nformation file corresponding one-
to-one with the AV stream 1s created as well. Creation of the
stream 1nformation file by the multiplexing unit 203 1s per-
formed as follows. The multiplexing unit 203 creates entry
maps while creating the AV stream. More specifically, the
multiplexing unit 203, 1n each of the streams generated by the
material production unit 201, detects where I-pictures exist it
the contained video stream 1s MPEG2, where I-pictures or
IDR pictures exist 1f the contained video stream 1s MPEG4-
AVC, and where I-pictures exist 1f the contained video stream
1s VC-1. The multiplexing unmit 203 then registers, in the entry
map, entry points each of which associates the presentation
time of the picture with a source packet, in the AV stream in
the MPEG2-TS format, in which the starting data of the
pictures exists. When there are two kinds of video streams,
that 1s, a primary video stream and a secondary video stream
in the AV stream, the multiplexing unit 203 creates entry maps
for these two simultaneously. The multiplexing unit 203 cre-
ates the stream information file in which the entry maps
created thereby correspond one-to-one with attribute infor-
mation indicating audio attribute, video attribute and the like
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for each of the streams included in the AV stream. Also, the
multiplexing unit 203 creates, without causing overtlow to the
builer in the system target decoder 2409, a large number suc
as 50 pieces, per second, of PMT packets. In the BD-ROM, a
restoration entry for transforming an AV stream needs to be
inserted as a restoration descriptor into a PMT packet 1n the
AV stream. Thus, a large number of PMT packets are required
to realize a large amount of data transformation 1n the AV
stream.

The restoration entry generation unit 204 analyzes contents
of the AV stream, selects pre-transformation data to be trans-
formed, and creates restoration entries. The restoration entry
generation unit 204 selects the pre-transformation data effec-
tively such that the image 1s distorted and the AV stream
cannot be played back properly when an unauthorized play-
back apparatus plays back the AV stream without restoration.
Here, a large playback distortion due to transiforming pre-
transformation data 1s defined as “a large transformation
eifect”. In order to select pre-transformation data enabling a
large transformation effect when the AV stream contains a
video stream, the following priorities are taken into account.
(1) Pre-transformation data 1s selected 1in the following order
of prionity: IDR-picture/I-picture—P-picture—B-picture.
(Since a compression method of a video stream uses com-
pression based on temporal correlation, transforming a pic-
ture which largely affects correlation of pictures increases the
transformation etiect.) (2) A slice header and a periphery
around the beginning of slice data in the picture are selected
as pre-transformation data. (A video stream can be decoded 1n
units of slices, and because slice headers and the beginning of
slice data are the most important data for the decoder, trans-
formation of these or a vicinity thereolf increases the transior-
mation elfect.) (3) When there are multiple slices 1n the pic-
ture, the first slice 1s given higher priority when selecting,
pre-transiformation data. (The first slice header includes such
as a parameter common to slices 1n the picture, and thus,
transforming the first slice header increases the transforma-
tion effect.) With respect to the pre-transformation data
selected as above, SPN of PMT positioned anterior thereto 1s
found out and the transformation instruction tlag, relative
packet, intra-packet position, and overwrite value are set,
thereby creating a restoration entry. Also, the restoration byte
code data generation umt 205 refers to the entry map 1n the
stream mformation file, and avoids selecting pre-transforma-
tion data from the I-pictures, 1n the entry map of the primary
video, whose EP_ID 1s a multiple of four, for the primary
video stream. In addition, the restoration byte code data gen-
eration unit 205 refers to the stream information {file in the
entry map, and avoids selecting pre-transiformation data from
an I-picture indicated by an entry point, in the entry map of the
secondary video, whose PTS 1s closest to that of the entry
point whose EP_ID 1s a multiple of four.

The restoration byte code data generation unit 205 calcu-
lates restoration segments based on the AV stream and the
stream 1nformation file, and creates restoration parameters
corresponding one-to-one with the restoration segments.
Also, the restoration byte code data generation unit 2035 gen-
erates restoration byte code data with respect to the AV stream
number and restoration segment ID so as to be able to gener-
ate restoration parameter. When generating the restoration
byte code data, some efforts may be made. These eflorts are,
for example, with use of a key on the BD-ROM disc or 1n the
playback apparatus, allowing only the playback apparatus
having the correct key to generate the restoration parameter,
thereby preventing an illegal playback apparatus from per-
tforming playback, or obfuscating program codes to prevent
the program itself from being 1llegally analyzed. Addition-
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ally, for the restoration byte code data, the restoration byte
code data generation unit 205 creates a mask restoration entry
obtained by performing XOR on the restoration entry using
the restoration parameter, and creates a restoration entry
packet in which a base SPN indicating the pre-transiformation
data indicated by the restoration entry 1s set, and includes
these 1n the restoration byte code data.

The transformation processing unit 206 performs transior-
mation processing on the AV stream based on the restoration
entries created by the restoration entry generation unit and the
restoration parameters generated by the restoration byte code
data generation unit 205, thereby creating a transformed AV
stream. The restoration byte code data generation unit 205
creates a mask restoration entry by performing XOR on the
restoration entry using the restoration parameter, converts the
mask restoration entry to the restoration descriptor, and
iserts the converted restoration descriptor into PMT posi-
tioned immediately before the pre-transformation data indi-
cated by the restoration entry. Following that, the transforma-
tion processing unit 206 overwrites the position of the pre-
transformation data indicated by the restoration entry with a
data string such as a random value. When no pre-transforma-
tion data exists between the PMT and the next PMT, the
transformation processing unit 206 creates a new restoration
entry, sets the restoration nstruction flag to “transformation
not required”, generates a mask restoration entry by perform-
ing XOR on the restoration entry with the restoration param-
cter, generates a restoration descriptor, and 1nserts the gener-
ated restoration descriptor into the PMT.

The format processing unit 207 arranges the following into
files and directories conforming to the BD-ROM standard,
thereby generating a disc image 1n the UDF format which 1s a
file system conforming to the BD-ROM standard: the BD-
ROM scenario data generated by the scenario generation unit
202, the transformed AV stream generated by the transforma-
tion processing unit 206, the stream information file gener-
ated by the multiplexing unit 203, and the restoration byte
code data generated by the restoration byte code data genera-
tion unit 205.

The master production unit 208 creates data for BD-ROM
pressing from the disc 1mage generated by the format pro-
cessing unit 207. A BD-ROM can be manufactured by per-
forming pressing processing on this data.

Described above 1s the structure of the recording apparatus.

In the following, the BD-ROM recording method of the
recording apparatus 1s described with reference to FIG. 36.

In a step S201, the material production unit 201 generates
the video streams, audio streams, IG streams, and PG
streams. In a step S202, the scenario generation unit 202
creates the BD-ROM scenario data describing playback sce-
nario, such as the IndexFile, Movie Object file, and PlayList
file. In a step S203, the multiplexing unit 203 creates the AV
stream and stream information file based on the BD-ROM
scenario data.

Here, the restoration entry generation unit 204 executes
untransformable packet specification processing, thereby
speciiying untransiformable packets which are not allowed to
be transtormed, among the TS packets 1n the primary video
and secondary video (S204). After that, the restoration entry
generation unit 204 selects pre-transformation data from
among TS packets which are other than the untransformable
packets specified in the step S204, and creates a restoration
entry (S205).

The restoration byte code data generation unit 205 gener-
ates restoration byte code data which outputs the restoration
parameter used to generate the restoration entry 1n the step
S205 (S206), and the transformation processing unit 206
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creates a transformed AV stream based on the restoration
entry and the AV stream (S207).

Lastly, the format processing unit 207 rearranges the BD-
ROM scenario data, transformed AV stream, stream informa-
tion file, and restoration byte code data into a file-directory
structure conforming to the BD-ROM standard, thereby cre-
ating a disc 1mage conforming to the BD-ROM standard
(S208), and the master generation unit 208 creates the data for
BD-ROM pressing (S209). These are the processing steps of
the BD-ROM recording processing by the recording appara-
tus of the present embodiment.

Next, the untransformable packet specification processing
1s described in detail. FIG. 37 1s a flowchart showing process-
ing steps of the untransformable packet specification process-
ing.

In the untransformable packet specification processing, the
restoration entry generation unit 204 first sets the variable m
allocated on the work memory to 0 (S211).

After that, the restoration entry generation unit 204 refers
to the entry maps 1n the stream information file generated by
the multiplexing processing unit 203 1n S203 in FIG. 36, and
specifies, among the TS packets constituting the AV stream,
TS packets constituting an I-picture indicated by the entry
point whose EP_ID 1s 4m 1n the entry map of the primary
video, as the untransformable packets (8212). Furthermore,
the restoration entry generation unit 204 specifies, as the
untransformable packets, the TS packets constituting an
I-picture indicated by an entry point, in the entry map of the
secondary video, whose PTS 1s closest to the entry point, 1n
the entry map of the primary video, whose EP_ID 1s 4m
(S213).

Following that, restoration entry generation unit 204 incre-
ments the variable m by one (S214), repeats the processing,
steps of S212 to S215, thereby adding specification of the
untransformable packets, until 4m exceeds the final EP_ID of
the entry map of the primary video, and when 4m exceeds the
final EP_ID of the entry map of the primary video (5215: No),
ends the untransformable packet specification processing.

Above 1s the detail of the untransformable packet specifi-
cation processing.

As described above, according to the present embodiment,
even 1n a case where copyright protection at the TS packet
level has been realized by transforming part of an AV stream
and recording the AV stream, TS packets constituting every
fourth entry unit 1n the primary video stream and TS packets
constituting entry units 1n the secondary video stream each
having a presentation time stamp closest to any one of the
every fourth entry unit 1n the primary video stream are not
transformed. Consequently, as a result of selective use of the
I-pictures stored in these TS packets by the playback appara-
tus, high-speed fast-forward/rewind playback can be per-
formed without restoration processing of TS packets.

Other Modifications

While the present invention has been described through the
embodiments above, 1t 1s not limited to these embodiments,
and, for example, includes the following modifications as
well.

(1) The present mvention may be a playback/recording
method disclosed by the processing steps of the flowchart
explained 1n each embodiment. Also, the present invention
may be a computer program including program codes which
operate a computer using the processing steps, and may be a
digital signal of the computer program.

Also, the present mvention may be a computer-readable
recording medium such as a flexible disk, a hard disk, a
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CD-ROM, an MO, a DVD, a DVD-ROM, a DVD-RAM, aBD
(Blu-ray Disc) or a semiconductor memory, that stores the
computer program or the digital signal.

Furthermore, the present invention may be the computer
program or the digital signal transmitted on an electric com-
munication network, a wireless or wired communication net-
work, or a network of which the Internet 1s representative.

Furthermore, by transferring the program or the digital
signal to the recording medium, or by transierring the pro-
gram or the digital signal via a network or the like, the pro-
gram or the digital signal may be executed by another inde-
pendent computer system.

(2) The present invention can also be realized by a LSI that
controls the playback/recording apparatus described the
embodiments above. Such a LSI can be achieved by integrat-
ing the functional blocks indicated 1in FIG. 31 of FIG. 35.
These functional blocks may be partially or entirely imple-
mented by one chip.

Though the LSI 1s described here, the circuit may be called
an IC, a system LSI, a super LSI, or an ultra LSI, depending
on the degree of integration.

Also, the integration 1s not limited to the LSI, and may be
performed using a dedicated circuit or a general processor. A
FPGA (Field Programmable Gate Array) that can be pro-
grammed after LSI manufacturing or a reconfigurable pro-
cessor capable of reconfiguring connections and settings of
circuit cells 1n an LSI may be used.

Also, 1T an mtegrated circuit technique that replaces a LSI
emerges from advancement of semiconductor technology or
other dervative technology, such a techmque can be used for
the integration of the functional blocks and components. For
instance, biotechnology may be adapted in this way.

(3) The first to third embodiments describe the structure
where the entry points, of the primary video, whose EP_ID 1s
a multiple of four are ensured to be untransformed at the TS
packet level. However, according to the present invention, 1t 1s
not limited to the entry points having EP_ID of a multiple of
four which are ensured to be untransformed at the TS packet
level. One TS packet 1n how many entry points 1s ensured to
be untransformed 1s set appropriately according to the format
characteristics.

(4) While 1n the first embodiment, as shown 1n FI1G. 18, the
restoration entry 1s recorded on the recording medium after
being masked and inserted ito PMT as a descriptor, the
restoration entry may be recorded on the recording medium
using another method.

For example, as shown 1n FIG. 38, the restoration entry
may be inserted into the restoration byte code data. In this
case, while having the same structures as those 1n FIG. 18, the
restoration entry and the mask restoration entry are mserted
into the restoration byte code data as a restoration entry
packet instead of as the restoration descriptor. The restoration
entry packet has a base SPN and the mask restoration entry,
and the base SPN stores a value obtained by subtracting the
relative packet count of the restoration entry from SPN where
the pre-transformation data exists. The restoration entry
packet 1s stored 1n the restoration byte code data and 1s man-
aged for each restoration segment ID.

(5) In the embodiments above, only part of the BD-ROM
standard which 1s related to the present invention 1s excerpted,
and description 1s given using only the representative direc-

tories and files. However, obviously, the present invention 1s
able to record other files stipulated 1n the BD-ROM standard

on the BD-ROM.

(6) While 1n the embodiments above, a BD-ROM conform-
ing to the BD-ROM standard are used as an example, the
features of the present imvention do not depend on physical
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characteristics of the BD-ROM, and the present invention can
be applied to other recording media.

(7) The present invention may be any combination of the

above-described embodiments and modifications.

The invention claimed 1s:
1. A non-transitory computer-readable recording medium

comprising a recording area that has recorded thereon an AV
stream, stream information, and a restoration program calcu-
lating a restoration parameter when executed, wherein

the AV stream includes a primary video stream and a sec-
ondary video stream, the primary video stream and the
secondary video stream each including a masked table
multiplexed therein and each being divided into a plu-
rality of restoration segments,

cach of the restoration segments 1s composed of one or
more TS packets, the TS packets each being either a
transformed TS packet or a non-transformed TS packet,

the restoration program, when executed, restores a trans-
formed TS packet by (1) calculating a restoration param-
cter for the restoration segment including the trans-
formed TS packet based on a segment identifier
provided to the restoration segment, (1) performing a
calculation using the masked table and the restoration
parameter, and (111) overwriting the transformed TS
packet with a result of the calculation, the restoration
program calculating a different restoration parameter for
cach of the restoration segments,

the stream 1nformation includes:

a {irst entry map indicating a plurality of associations each
associating (a) a start position of, among the TS packets
composing the primary video stream, a group of TS
packets which constitute an entry point with (b) a pre-
sentation time stamp of the group of TS packets of the
primary video stream; and

a second entry map indicating a plurality of associations
cach associating (a) a start position of, among the TS
packets composing the secondary video stream, a group
of TS packets which constitute an entry point with (b) a
presentation time stamp of the group of TS packets of the
secondary video stream,

cach group of TS packets constituting an entry point stores
an mtra-frame encoded 1mage therein,

cach TS packet which constitutes one of the entry points of
the secondary video stream and whose presentation time
stamp 1s 1n a predetermined relationship with a presen-
tation time stamp ol every N-th entry point of the pri-
mary video stream, 1s a non-transformed TS packet, N
being an integer of 2 or more, and

cach of the restoration segments, other than a final one of
the restoration segments, has the same fixed number of
entry points.

2. The recording medium of claim 1, wherein

when the presentation time stamps with respect to two of
the entry points of the secondary video stream are 1n the
predetermined relationship with the presentation time
stamp of a same one of every N-th entry point of the
primary video stream, TS packets constituting one of the
two entry points that 1s temporally posterior to the other
entry point are non-transformed TS packets.

3. The recording medium of claim 2, wherein

the predetermined relationship 1s to be, among the presen-
tation time stamps of the entry points of the secondary
video stream, temporally closest to the presentation time
stamp of any one of every N-th entry point of the primary
video stream.
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4. The recording medium of claim 2, wherein

the predetermined relationship is to be, among the presen-
tation time stamps of the entry points of the secondary
video stream, temporally posterior to and closest to the
presentation time stamp of any one of every N-th entry
point of the primary video stream.

5. The recording medium of claim 2, wherein

the primary video stream and the secondary video stream
cach include intra-frame encoded 1mages with an inter-
val of a predetermined value or less between any two
adjacent intra-iframe encoded 1mages, and

the predetermined relationship is to be, among the presen-
tation time stamps of the entry points of the secondary
video stream, temporally posterior to and closest to the
presentation time stamp of any one of every N-th entry
point of the primary video stream, and a difference
between the presentation time stamp of the any one of
every N-th entry point of the primary video stream and
the presentation time stamp of the entry point, of the
secondary video stream, which 1s temporally posterior

thereto and closest thereto 1s less than the predetermined
value.

6. The recording medium of claim 1, wherein

the every N-th entry point of the primary video stream 1n
the first entry map, and the one of entry points of the
secondary video stream and whose presentation time
stamp 1s 1n the predetermined relationship with the pre-
sentation time stamp of every N-th entry point of the
primary video stream are entry points whose intra-iframe
encoded 1images stored 1n 'T'S packets which constitutes
the entry points are synchronously played back 1n spe-
cial playback.

7. A playback apparatus which reads an AV stream, stream

information, and a restoration program from a recording
medium and plays back the read AV stream, the restoration
program calculating a restoration parameter when executed,
wherein

the AV stream includes a primary video stream and a sec-
ondary video stream, the primary video stream and the
secondary video stream each including a masked table
multiplexed therein and each being divided into a plu-
rality of restoration segments,

cach of the restoration segments 1s composed of one or
more TS packets, the TS packets each being either a
transformed TS packet or a non-transformed TS packet,

the stream information includes:

a first entry map 1ndicating a plurality of associations each
associating (a) a start position of, among the TS packets
composing the primary video stream, a group of TS
packets which constitute an entry point with (b) a pre-
sentation time stamp of the group of TS packets of the
primary video stream; and

a second entry map indicating a plurality of associations
cach associating (a) a start position of, among the TS
packets composing the secondary video stream, a group
of TS packets which constitute an entry point with (b) a
presentation time stamp of the group of TS packets of the
secondary video stream,

cach group of TS packets constituting an entry point stores
an 1ntra-frame encoded 1mage therein,

cach TS packet which constitutes one of the entry points of
the secondary video stream and whose presentation time
stamp 1s 1in a predetermined relationship with a presen-
tation time stamp of every N-th entry point of the pri-
mary video stream, 1s a non-transformed TS packet, N
being an integer of 2 or more,
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cach of the restoration segments, other than a final one of
the restoration segments, has the same fixed number of
entry points,

the playback apparatus comprises:

32

the restoration 1s performed by overwriting the trans-
formed TS packets in the read bufler using the plain
table.

11. The playback apparatus of claim 10, wherein

a reader circuit that reads the TS packets included in each 5 the calculation is an XOR operation.

of the restoration segments 1n accordance with the first 12. The playback apparatus of claim 7, wherein

entry map and the second entry map; in special playback, the playback apparatus synchronously
a demultiplexer circuit that demultiplexes the read TS plays back intra-frame encoded images stored in TS

p{ackets into the IS packets COHIPOSINE the primary packets which constitute the every N-th entry point of

video stream and the TS packets composing the second- 10 : : :

v video strean: the primary video stream 1in the first entry map, and

o " . intra-frame encoded 1mages stored in TS packets which

two video decoders that decode the 15 packets composing constitute the one of entry points of the secondary video

the primary video stream and the TS packets composin N o

the Eec ofllg‘glry video stream, respe ctilsr ely: P . stream and whose presentation time stamp 1s 1n the pre-
a read buller that buifers TS packets between the reader 15 determined relationship Wlth_ the pI‘E’:SE:Il.’[El’[IOIl Flme

circuit and the demultiplexer circuit; and stamp of every N-th entry point of the primary video
a restoration circuit that executes the restoration program stream. | |

and thereby restores, among TS packets 1in the read 13. The playback apparatus of claim 7, wherein

buffer, transformed TS packets, wherein after the restoration circuit restores the one or more trans-
the restoration program, when executed, restores a trans- 20 tormed TS packets among the TS packets composing the

formed TS packet by (1) calculating a restoration param- primary video stream, the two video decoders decode

cter for the restoration segment including the trans- the restored TS packets of the primary video stream and

formed TS packet based on a segment identifier TS packets of the secondary video stream whose presen-

provided to the restoration segment, (1) performing a tation time stamps are to be synchronous with presenta-

calculation using the masked table and the restoration 25 tion time stamps of the restored TS packets.

parameter, and (111) overwriting the transformed TS

14. A recording apparatus that records, on a recording

medium, an AV stream, stream information, and a restoration
program calculating a restoration parameter when executed,
the AV stream including a primary video stream and a sec-
ondary video stream, the recording apparatus comprising;:

packet with a result of the calculation, the restoration
program calculating a different restoration parameter for
cach of the restoration segments.

8. The playback apparatus of claim 7, wherein 30

when the presentation time stamps with respect to two of
the entry points of the secondary video stream are,
among the presentation time stamps of the entry points
of the secondary video stream, temporally closest to the

forming a calculation using the masked table and the
restoration parameter, and

a multiplexer circuit that multiplexes a masked table with

respect to each of TS packets composing the primary
video stream and TS packets composing the secondary
video stream, and thereby obtains the primary video

presentation time stamp of a same one of the every N-th 35 stream and the secondary video stream;
entry point of the primary video stream, TS packets a first entry map generator circuit that generates a first entry
constituting one of the two entry points that 1s tempo- map indicating a plurality of associations each associat-
rally posterior to the other entry point are non-trans- ing (a) a start position of, among the TS packets com-
formed TS packets. posing the primary video stream, a group of TS packets
9. The playback apparatus of claim 8 further comprising a 40 which constitute an entry point storing therein an intra-
playback controller, wherein frame encoded 1image with (b) a presentation time stamp
the playback controller, when instructed to perform a spe- of the group of TS packets of the primary video stream;
cial playback, (1) acquires, from the first entry map, each a second entry map generator circuit that generates a sec-
start position with respect to the every N-th entry point ond entry map indicating a plurality of associations each
of the primary video stream, (1) further acquires, from 45 associating (a) a start position of, among the TS packets
the second entry map, each start position of the entry composing the secondary video stream, a group of TS
points of the secondary video stream, the presentation packets which constitute an entry point storing therein
time stamp associated with each of which 1s closest to an intra-frame encoded 1mage with (b) a presentation
the presentation time stamp of a different one of every time stamp of the group of TS packets of the secondary
N-th entry point of the primary video stream, (111) 50 video stream;
instructs the demultiplexer circuit to separate, from a T'S a specification circuit that divides each of the primary
packet at each start position in the read butler, TS pack- video stream and the secondary video stream into a
ets subsequent thereto, and (1v) instructs the two video plurality of restoration segments according to the first
decoders to decode part of TS packets separated from the entry map and the second entry map, respectively, and
start positions of the primary video stream and partof TS 55 specifies as untransformable packets, among the TS
packets separated from the start positions of the second- packets multiplexed in the restoration segments, each TS
ary video stream, each part being equivalent to one intra- packet which constitutes one of the entry points of the
frame encoded 1mage. secondary video stream and whose presentation time
10. The playback apparatus of claim 9, wherein stamp 1s closest to the presentation time stamp of every
the demultiplexer circuit demultiplexes the masked table 60 N-th entry point of the primary video stream, N being an
from the AV stream, integer ol 2 or more;
the restoration circuit includes: a transformation circuit that obtains the AV stream by
an execution circuit that obtains the restoration param- performing a restorable transformation with respect to
cter by executing the restoration program; and some of TS packets among the TS packets 1n the resto-
a calculation circuit that obtains a plain table by per- 65 ration segments other than the untransformable TS

packets, the restorable transformation being a replace-
ment of the TS packets with another piece of data and a
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transformed TS packet obtained through the restorable
transformation being restorable by using a restoration
parameter;

a program generator circuit that generates the restoration
program; and

a recorder circuit that records, onto a recording medium,
the AV stream, the first entry map, the second entry map,
and the restoration program, wherein

the restoration program, when executed, restores a trans-
formed TS packet by (1) calculating a restoration param-
cter for the restoration segment including the trans-
formed TS packet based on a segment i1dentifier
provided to the restoration segment, (1) performing a
calculation using the masked table and the restoration
parameter, and (111) overwriting the transformed TS
packet with a result of the calculation, the restoration
program calculating a different restoration parameter for
cach of the restoration segments, and

cach of the restoration segments, other than a final one of
the restoration segments, has the same fixed number of

entry points.
15. A playback method which reads an AV stream, stream

information, and a restoration program from a recording
medium and plays back the read AV stream, the restoration
program calculating a restoration parameter when executed,
wherein

the AV stream includes a primary video stream and a sec-
ondary video stream, the primary video stream and the
secondary video stream each including a masked table
multiplexed therein and each being divided into a plu-
rality of restoration segments,
cach of the restoration segments 1s composed of one or
more TS packets, the TS packets each being either a
transformed TS packet or a non-transformed TS packet,
the stream information includes:
a {irst entry map indicating a plurality of associations each
associating (a) a start position of, among the TS packets
composing the primary video stream, a group of TS
packets which constitute an entry point with (b) a pre-
sentation time stamp of the group of TS packets of the
primary video stream; and
a second entry map indicating a plurality of associations
cach associating (a) a start position of, among the TS
packets composing the secondary video stream, a group
of TS packets which constitute an entry point with (b) a
presentation time stamp of the group of TS packets of the
secondary video stream,
cach group of TS packets constituting an entry point stores
an intra-frame encoded 1mage therein,
cach TS packet which constitutes one of the entry points of
the secondary video stream and whose presentation time
stamp 1s 1n a predetermined relationship with a presen-
tation time stamp of every N-th entry point of the pri-
mary video stream, 1s a non-transformed TS packet, N
being an 1nteger of 2 or more,
cach of the restoration segments, other than a final one of
the restoration segments, has the same fixed number of
entry points,
the playback method comprises:
reading the TS packets included 1n each of the restora-
tion segments 1 accordance with the first entry map
and the second entry map, and buifering the read TS
packets into a read builer;

restoring, by executing the restoration program, trans-
formed TS packets among TS packets in the read
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demultiplexing, from the read builer, the TS packets
composing the primary video stream and the TS pack-
ets composing the secondary video stream; and
decoding the TS packets composing the primary video
stream and the TS packets composing the secondary
video stream, respectively, wherein
the restoration program, when executed, restores a trans-
formed TS packet by (1) calculating a restoration param-
cter for the restoration segment including the trans-
formed TS packet based on a segment identifier
provided to the restoration segment, (1) performing a
calculation using the masked table and the restoration
parameter, and (111) overwriting the transformed TS
packet with a result of the calculation, the restoration
program calculating a different restoration parameter for
cach of the restoration segments.
16. A recording method for a recording medium, compris-

[

ng:

creating application data; and

recording the created data onto a recording medium,
wherein

the application data includes an AV stream, stream infor-
mation, and a restoration program calculating a restora-
tion parameter,

the AV stream includes a primary video stream and a sec-
ondary video stream, the primary video stream and the
secondary video stream each including a masked table
multiplexed therein and each being divided into a plu-
rality of restoration segments,

cach of the restoration segments 1s composed of one or
more TS packets, the TS packets each being either a
transformed TS packet or a non-transformed TS packet,

the restoration program, when executed, restores a trans-
formed TS packet by (1) calculating a restoration param-
cter for the restoration segment including the trans-
formed TS packet based on a segment i1dentifier
provided to the restoration segment, (1) performing a
calculation using the masked table and the restoration
parameter, and (111) overwriting the transformed TS
packet with a result of the calculation, the restoration
program calculating a different restoration parameter for
cach of the restoration segments,

the stream information includes:

a first entry map indicating a plurality of associations each
associating (a) a start position of, among the TS packets
composing the primary video stream, a group of TS
packets which constitute an entry point with (b) a pre-
sentation time stamp of the group of TS packets of the
primary video stream; and

a second entry map indicating a plurality of associations
cach associating (a) a start position of, among the TS
packets composing the secondary video stream, a group
of TS packets which constitute an entry point with (b) a
presentation time stamp of the group of TS packets of the
secondary video stream,

cach group of TS packets constituting an entry point stores
an 1ntra-frame encoded 1mage therein,

cach TS packet which constitutes one of the entry points of
the secondary video stream and whose presentation time
stamp 1s 1in a predetermined relationship with a presen-
tation time stamp of every N-th entry point of the pri-
mary video stream, 1s a non-transformed TS packet, N
being an integer of 2 or more, and

cach of the restoration segments, other than a final one of
the restoration segments, has the same fixed number of
entry points.
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17. An mtegrated circuit of a playback apparatus which
reads an AV stream, stream information, and a restoration
program from a recording medium and plays back the read
AV stream, the restoration program calculating a restoration
parameter when executed, wherein

the AV stream 1ncludes a primary video stream and a sec-
ondary video stream, the primary video stream and the
secondary video stream each including a masked table
multiplexed therein and each being divided 1nto a plu-
rality of restoration segments,

cach of the restoration segments 1s composed of one or
more TS packets, the TS packets each being either a
transtormed TS packet or a non-transformed TS packet,

the stream information includes:

a first entry map indicating a plurality of associations each
associating (a) a start position of, among the TS packets
composing the primary video stream, a group of TS
packets which constitute an entry point with (b) a pre-
sentation time stamp of the group of TS packets of the
primary video stream; and

a second entry map indicating a plurality of associations
cach associating (a) a start position of, among the TS
packets composing the secondary video stream, a group
of TS packets which constitute an entry point with (b) a
presentation time stamp of the group of TS packets of the
secondary video stream,

cach group of TS packets constituting an entry point stores
an mtra-frame encoded 1mage therein,

cach TS packet which constitutes one of the entry points of
the secondary video stream and whose presentation time
stamp 1s 1n a predetermined relationship with a presen-
tation time stamp ol every N-th entry point of the pri-
mary video stream, 1s a non-transformed TS packet, N
being an integer of 2 or more,

cach of the restoration segments, other than a final one of
the restoration segments, has the same fixed number of
entry points,

the integrated circuit comprises:

a reader circuit that reads the TS packets included 1n
cach of the restoration segments 1 accordance with
the first entry map and the second entry map;

a demultiplexer circuit that demultiplexes the read TS
packets into the TS packets composing the primary
video stream and the TS packets composing the sec-
ondary video stream;

two video decoders that decode the TS packets compos-
ing the primary video stream and the T'S packets com-
posing the secondary video stream, respectively;

a read butfer that buifers TS packets between the reader
circuit and the demultiplexer circuit; and

a restoration circuit that executes the restoration pro-
gram and thereby restores, among TS packets 1n the
read buller, transtformed TS packets, wherein

the restoration program, when executed, restores a trans-
formed TS packet by (1) calculating a restoration param-
cter for the restoration segment including the trans-
formed TS packet based on a segment 1dentifier
provided to the restoration segment, (11) performing a
calculation using the masked table and the restoration
parameter, and (111) overwriting the transformed TS
packet with a result of the calculation, the restoration
program calculating a different restoration parameter for
cach of the restoration segments.

18. An mtegrated circuit of a recording apparatus that

records, on a recording medium, an AV stream, stream 1nfor-
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mation, and a restoration program calculating a restoration
parameter when executed, the AV stream including a primary
video stream and a secondary video stream, the integrated
circuit comprising:

a multiplexer circuit that multiplexes a masked table with
respect to each of TS packets composing the primary
video stream and TS packets composing the secondary
video stream, and thereby obtains the primary video
stream and the secondary video stream;

a first entry map generator circuit that generates a first entry
map indicating a plurality of associations each associat-
ing (a) a start position of, among the TS packets com-
posing the primary video stream, a group of TS packets
which constitute an entry point storing therein an 1ntra-
frame encoded 1image with (b) a presentation time stamp
of the group of TS packets of the primary video stream;

a second entry map generator circuit that generates a sec-
ond entry map indicating a plurality of associations each
associating (a) a start position of, among the TS packets
composing the secondary video stream, a group of TS
packets which constitute an entry point storing therein
an intra-frame encoded 1mage with (b) a presentation
time stamp of the group of TS packets of the secondary
video stream:

a specification circuit that divides each of the primary
video stream and the secondary video stream into a
plurality of restoration segments according to the first
entry map and the second entry map, respectively, and
specifies as untransformable packets, among the TS
packets multiplexed in the restoration segments, each TS
packet which constitutes one of the entry points of the
secondary video stream and whose presentation time
stamp 1s closest to the presentation time stamp of every
N-th entry point of the primary video stream, N being an
integer ol 2 or more;

a transformation circuit that obtains the AV stream by
performing a restorable transformation with respect to
some of TS packets among the TS packets 1n the resto-
ration segments other than the untransformable TS
packets, the restorable transformation being a replace-
ment of the TS packets with another piece of data and a
transformed TS packet obtained through the restorable
transformation being restorable by using a restoration
parameter:;

a program generator circuit that generates the restoration
program; and

a recorder circuit that records, onto a recording medium,
the AV stream, the first entry map, the second entry map,
and the restoration program, wherein

the restoration program, when executed, restores a trans-
formed TS packet by (1) calculating a restoration param-
cter for the restoration segment including the trans-
formed TS packet based on a segment identifier
provided to the restoration segment, (1) performing a
calculation using the masked table and the restoration
parameter, and (111) overwriting the transformed TS
packet with a result of the calculation, the restoration
program calculating a different restoration parameter for
cach of the restoration segments, and

cach of the restoration segments, other than a final one of

the restoration segments, has the same fixed number of
entry points.
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